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INTRODUCTION 


By Prof. R. V. Wheeler, D.Sc., F.I.C. 

t 

^ The process of cleaning coal, 'or the separation of dirt from it, 
begins in the mine. It begin^i with the choice of the seams to be 
work,ed and continues with the choice of the methods of working 
them. The care taken by the miner in separating the coal from dirt 
’.during loading at the face also affects the quality of the “ raw 
material ” delivered at the surfact*, and thus (sometimes to a con- 
.sidjrable extent) determines the extent to which manual or mechani- 
cal means must be employed at tiie surhi^e to purifythis rawmaterial. 
It is usual to confine the term “ coal-cleaning ” to these operations 
at the surface. * 

Iji the early days of the British mining industry, hand-picking at 
the colliery screening plant (can* being taken to mine only the better 
seams) was all that was necessary for the production of the larger 
sizes of saleable coal. With the development of the coking industry, 
clean small coal acquired a greater value and mechanical cleaning 
processes were first introduced to deal with this small coal for coking 
purposes. Since these, early days, it has gradually been realised 
that the gradation of tne coaj as rained according to size, and the 
removal from each size of as much as possible of the associate^ 
incombustible matter, so far benefits the consumer, in every industry, 
jis to induce him to pay a higher price for the sized, cleaned com- 
modity. The cleaning of coal, indeed, provides the most direct 
met^|od of increasing the usefulness, and therefore the value, of th*e 
raw material and should be regarded as a most powerful weapon in 
the hands of the coal-mining industry, for individual collieries to 
mdfet oempetition, and for the export trade as a whole, to stimulate 
the falling demand for British coal and to recapture lost markets. 

In Continental Europe and in America, as well as in Great 
Britain, there is a growing tendency ty discard raw coal as a heating, 
agent and to use instead an artificial, fuel, coke, prepared from it. 
Eventually, no d^ubt, satisfactory processes for the low-temperature 
carbonftation of coal will provide the domestic giarket with a 
smokeless semi-coke. For the preparation of these artificial fuels, 
whether gasworks coke, metallurgical coke, or the semi-coke of low 
temperature carbonisation, a clean coal is essential, since any dirt 
in the raw material is concentrated in the finished product. • 

At present, the mechanical cleaning of coal is practised more 
widely on the Continent than in Great Britain,* no doubt mainly 
because British coals are, in general ,Je6S friable than the Coiltinental, 
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* and yield a higher proportion of lump coal, which cail be cleaned by 
Imnd-picking. Nevertheless, there is evidence ‘that part, at least, 
of the British export trade has been lost by reavson of its irregular 
quality. Professor Henry Louis, for example, (Journ. Soc. Chem. 
Ind, 1927, 46, 345) has instanced the loss to Germany of certain 
Scandinavian railway contracts, not, it is stated, on account of cost, 
but because the (ierman coal was better cleaned. Yet British coals 
have bett(‘r inherent qualities, and afford a wider range of usefulness, 
than any in thfi world. 

South Wales anthracite is righ*tly regarded as the purest anthra-v 
cite mined. South Wales steam coals ‘are unequalled. South Wales 
coking coals yield foundry cokes of the highest quality and, if coked 
in modern ovens, would produce blast-furnace cokes equal in value, 
if not superior, to Westphalkin cokes. In South Yorkshire, the* 
hards of the Barnskw seam provide the ^orld’s best bunker and 
locomotive fuel, withstanding rough handling and burning without 
clinker trouble. I'lie hard steam coTlls of Scotland and of Northum- 
berland haw ])roved their worth. Durham^ coals, though usually 
classed as gas-coals, are all coking coals and in by-product practice 
yield dense, hard ('okes, which have long been recognised as of 
sup(‘rior (juality for blast-furnace use. The Midlands supply 
furnace and gas-producer coals of the highest value. 

Witli these natural resources, (ireat Britain has, in the past, been 
able to succeed m com]>etition with foreign producers who, to gain 
an advantage, lia\ e bi'en compelled to re.sort to mechanical cleaning. 
Some of the seam*;, howe'ver, on which the refutation of British coals 
has been built are no longer availablejn sufficient quantity to meet 
;An extensive* d(*maiid. lo)r example, the famous Brockwell seam, 
which first e'stablislied tlic reputation of Durham coking coals ; the 
Main sevim, oiu* ol tin* fust Newca^tl^ coals to be sent to the Londoiv 
rjiarket ; the Khondda No. 2 and Rhondda No. 3 seams, two of the 
best of the* South \\aU‘s eoking eeials ; the freneherbone anej^ the 
Al ley st*ams eif Laneasliire, and the Silkstone seam erf Yorkshire can 
no Jeinger be mined .so readily as in the past. Although there are 
many seams, otlier than these, having a similar range of proferfies, 
availiblt* in (jieat Britain in large ([iiantities, they often cannot be 
brought to the suitace 111 such a clean eondition as could the older 
seams. ^ v 

1 he tiiiu* thus seems ripe f^)r British coal producers to take a leaf 
from the l)ook of their foreign competitors, to ado^t extensively the 
meehanical ek^ming of coal which has enabled those foreign com- 
petitors to disanint the inheumt excellence of British coals. In 
such a project (ireat Hrit<iin would once more have an advantage 
over the ( ontinent. lor the British coals in general contain le.ss 
unif movable aslf and are br(»ught to the surface mixed with less 
free dirt, lo pro^juce a coal iov tlu* market with a moderate ash- 
content, therefore, less of the pit's output need be rejected as refuse. 
Moreover, the i)rodiicU from 43 fitish mines contains less material 
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intermediate in character between coal and shale ^''middlings.'*) 
than. does the Continental, so that any process of cleaning employed 
’ ‘is mofe efficient and the product is purer. 

It is a common belief that the cleaning of coal (and the allied art of 
ore dressing) originated in Germany and was developed there. This 
is an entirely erroneous belief. It is true that coal washing is more 
widely practised in Germany than elsewhere, and that two of the 
most successful types of washers, the Liihrig and the Baum, were of 
German origin, but in design and operation, and in the invention of 
jiew processes, Germany in no Way surj)asses other countries. In 
the early development of the* jig-washer, a Cornishman, Petherick, 
was responsible for important improvements ; in particular, for the 
device of using a fixed screen and causing the water to move as a 
•current through the material on the screen. The continuously 
operated jig was the iijvention of a Frenchman, Berard, and the 
next step, the use of a false bed of feldspar, was known as the 
“ English method '' from its usefn Engliih ore-dressing practice. The 
two most important upward-current washers, the Robiirson and the 
Draper, are both British inventions, as are two of the best known 
forms of trough washers, the Blackett and the Elliott. Although but 
few improvements in concentrating tables have originated in this 
country, the development of the modern table dates from the inven- 
tion of the endless belt by Brunton, of (Glamorgan, in 1844, and the 
use of a transverse water current *on a stationary surface, to remove 
impurities from ores, by his father in 1841. The separation of 
ga'ngue from ore by differential wetting was the discovery of an 
Englishman, Haynes, whilst^froth flotation was first employed by 
Elmore, also an Englishman. The dry-cleaning of ores and of coaj 
is an American invention, whilst British research has given stimulus 
.to such processes, resultiiig in ihe devising of two methods for the 
pneumatic treatment of unsized coal, the Kirkup and the Raw. 

^he authors estimate that only about one-quarter ot the total 
coal brought to the surface in Great Britain is subjected to mechani- 
cal cleaning processes. There is therefore plenty of scope for the 
development of the practice of coal-cleaning, a development which, 
it is not too much to hope, would restore to (ireat Britain, still the 
leading coal-exporting country in the world, her former markets. 
With incrca.se in the practice of coal-oieaning, no doubj the develop-, 
ment of old processes and the desigifing of ntiw, in which British 
invention has in l^e past played so large a part, will go hand in hand. 
The aufhors, by collecting together present knowledge of the art of 
coal-cleaning and discussing the merits and demerits of the various 
processes, have made an important contribution to technical litera- 
ture, which should aid considerably in the development fore- 
shadowed, by suggesting lines of thought to the iriVentive genivft of 
British engineers. , 




THE CLEANING OF COAL 


CHAI^TER I 

THE IMPURITIES IN RAW COAL 

The object of coal cleaning is the separation of pit-coal into two 
•or more products, one of which is a more marketable commodity 
than the original coal. This is accomplished by removing most of 
th^ {iirt * or incombustible matter associated with the coal when it 
leaves the pit. • • 

For purposes of coal cleaning, the dirt associated with raw coal 
may be considered as* “ fixed ” dirt and " free ” dirt. The fixed 
dirt .was more or less intimately intermingled with coal during the 
process of coal formation, but the free dirt is mechanically mixed 
with the coal as a result of mining operations rather than as a result 
of natural processes. The fixed dirt in coal originated partly from 
the inorganic constituents of thS original coal-forming plants and 
partly from adventitious mineral matter which became intermingled 
with the plant i^Jm^uring the process of coal formation. To 
appreciate fully the n«ure ^f the fixed dirt (and also of the free 
dirt from roof, floor, dirt partings or pyritic inclusions) it is necessary 
to consider the origin ot coal and the manner in which coal seams 
.were laid down. , 

Coal is defined by Stopes and Wheeler as “ a compact stratified 
masi of ' mummified ' plants (which have in part suffered arrested 
decay to varying degrees of completeness), free from all save a very 
low percentage of other matter." They continue : " Veins, partings, 
etd! , which are found in nearly all coals, are local impurities and are 
not part of the coal itself.” 

The plants from which were formed most of the bituminous 
and anthracitic coals of Europe and ithe eastern portion of North. 
America, grew during the Carboniferous period, 150 to 190 million 
years a^o. The grincipal coals of China, India, Australia and South 
Africa, and coals of the Sarre district, and of Saxony, originated in 
the Permo-Carboniferous or the Permian period, 70 to 150 million 
years ago. Those found in the western part of North America, in 
Japan, and in New Zealand, date from the Eocene period, 10 to 20 
million years ago (Lewis, Fuel, 1922, i, 76), ' • • 

It is believed that the great coalfields of the Carboniferous system 
originated in a luxuriant, monster vegetation which flourished, in 

• * • 

* Djrt is matter out of place# 
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a ‘tropical or Sub-tropical climate, in a rich virgin -soil with Ipige 
areas of inland sea and fresh water lakes. The early plants, repro- 
duced through the medium of soft spores which were released in 
waiter, were distributed by water and could only germinate under 
water. The first flora (vascular cryptogams) consisted of great 
tree ferns, gigantic equisetums (horsetails), cycad ferns and lycopods. 
Many of these plants took the form of huge-stemmed trees, some 
over 100 ft. high. The lycopods (Lepidodendron and Sigillaria) were 
dominant in many coal basins, but disappeared very early in the 
history of land plants, Lepidodendra pot even reaching the Permian 
period. 

Probably most of Great Britain was covered by forest growths, 
and it is generally believed that the coal scams in the major* coal- 
fields resulted from the growth and accumulation of plant iihrii 
in situ, modified, in part, by drift accumubtion. The coal in some 
of the minor coalfields and in isolated seams resulted, apparently, 
from drift material, which Would be* associated with larger quantities 
of mineral detritus than were the in situ growths forming the major 
coalfields. 

In the course of time the coal-forming plants were subjected to 
mouldering decay, and the process of coalification of the decaying 
mass proceeded for thousands of years. During this time the coal- 
forming mass was penetrated by water- and air-borne mineral 
detritus, which became more or less intimately intermingled with 
the plant debris. At certain periods also the deposits may have 
been covered wifh sediments brought into \he inland seas arid lakes 
by rivers, or as a result of the lowesing of the level of the forest 
‘growths. These sediments formed the dirt partings and roofs of 
coal seams.* 

As the .coal-forming material decayed it gradually hardened*, 
and vertical cleavages (or cleats) were formed. In these cracks, 

• percolating water containing calcium, magnesium and ferrous salts 
deposited the white partings of mineral, sometimes called ankerites. 
Ferrous sulphate in percolating waters reacted with the decaying 
vegetable matter to form iron pyrites. If the reduction of'ferrous 
sulphate took place in the early stages of coal formation, the deposit 
of iron pyrites would occur in small crystals throughout the coal- 
■ forming mass, and at later stages, when the mass was less permeable 
to percolating waters, pyrifts would be formed in thin sheets in 
cleat partings or in lenticular masses on the bedding planes. Gypsum 
(calcium sulphate) is sometimes found in thin sheets in the cleat, and 
also, in small quantities, distributed intimately throughout the coal. 

• E. McKenzie Taylor (Fuel. 1926, 8, 195) has shown that in salt water some of 
the calcium and maignesium of clay may be replaced by sodium to form a sodium- 
adsorption complex, which is stable in the presence of excess of neutral sodium salt, 
but dissociates in frqsh water, giving an aikaline solution. The alkaline sodium- 
adsorption complex formed is impermeable to gases and liquids, and, hence, clay 
sedimentfsettling on the coal-forming mass in brackish water would not mix with the 
plant material, but woulc^^iorm a protective covering. 
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/the organic majtter of pure coal is a mixture of ulmins and plant 
remaine. It is composed mostly of carbon, hydrogen and oxygen 
’in coinplex groupings. Nitrogen, from protein matter, and sulphur 
occur as essential parts of the molecular groupings. A small 
quantity of phosphorus (possibly from cell nuclei) also forms a part 
of the pure coal. In banded bituminous coals, distinctions may 
be draym between the macroscopic appearance of different bands. 
Slopes [Proc, Roy. Soc., 1919, P, 90, 470) has called the different 
bands found in British bituminous coal: fusain, durain, clarain 
•and vitrain. Fusain is the .dull powdery material occurring in 
wedges and patches on the bedding planes ; durain, the dull 
hard-coal ; clarain, the bright soft coal ; and vitrain, the brilliant 
vitreous coal which occurs usually in thin bands in both durain and 
’clarain. 

Bright coal usually gives a reddish-brown ash, since it contains 
a high percentage of iron oxide (10 to 40 per cent.). The iron is 
mostly present in the original *coal as •finely-divided (microscopic) 
pyrites intermingled with the coal substance. Dull coal, on the 
other hand, gives a white ash which only contains i or 2 per cent, 
of iron oxide. Usually, therefore, only small quantities of iron 
pyrites are distributed throughout the substance of the dull portion 
of coal.* 

The types of impurity found in a coal seam may be classified as 
follows : — 

• I. The residual inorganic constituents of the coal-forming plants. 

2. Detrital matter hashed or blown into the coal-forming mass 

and becoming intermingled with the plant ddbris. ^ 

3. Finely-divided pyrites resulting from interaction of the coal- 
forming mass and percolating waters containing ferrous sulphate. 

4. Sedimentary deposits forming partings. 

Massive deposits (pyrites) formed by decomposition on 
bedding planes and in the cleat. 

6. Saline deposits mainly from percolating water (ankerites). 

Fra*ction (i) is the inherent mineral matter of coal ; fractions (2) 
and (3) the adventitious mineral matter. The combined fractions (i), 
(2) and (3) give the fixed ash of coal, which is the limiting ash content 
to which coal can be cleaned. Fractions (4) and (5) contribute 
mostly the free dirt in coal, that is, \he mineral matter which is 
not intimately atsociated with the coal substance, but which is 
mixed with the coal during mining operations, and Is the portion 
of the raw coal which may be normally removed by coal-cleaning 

* Dull coal also contains layers of mineral matter {whi(;h did not originate from 
the inorganic matter of the plant) which are not found to the same extent in bi4ght 
coals. It seems possible, therefore, that the water floods which carried the spores 
(and mineral detritus) into the niateri^ forming the dull coaUremoved many of the 
ferruginous salts in solution. Bright coal may have been laid down under compara- 
tively stagnant conditions in which flooding w|is unusual and iron salts iflight then 
assume greater concentrations. • * 
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p^>esations. Fraction (6) is most frequently 'found in laming on 
large lumps of coal, but, on screening and general hancUip g, . 
coal is fractured and these plates of impurity are generally remov^. 
In* some coals (Lancashire, for example) it is of fairly frequent ‘ 
occurrence, but is rare in others. 

Inherent Ash. — Little is known about the absolute amount 
of inherent ash (residual plant ash) present in lumps of " pure ” 
coal, for it is intermingled with finely-divided mineral matter from 
extraneous sources. It would, however, seem likely that thfe 
" inherent ash ’’ of coal may often be less than i per cent., and is 
seldom greater than 2 per cent. A separation of the adventitious 
from the inherent ash of coal was attempted by Mott and Wheeler 
{Fuel, 1926, 5, 416). Coal samples were finely ground in water and 
the purest coal, probably containing only the inherent plant ash, 
was collected by flocculation witt parafiin oil, the adventitious 
mineral matter remaining in suspension. A series of the clarain and 
durain portions of the Parkgate Seam (Yorkshire), taken from 
different pits, was used; the average analyses of the original 
and purified coals are recorded in Table i. 

Table i. — Separation of the Inherent and 
Adventitious Ash of Coal 



• Ash per cent, in Coal. 

Mineral 


Before 

Treatment. 

After 

Treatment, 

Removed. 

Matter 
removed per 
cent, on 
Total Ash. 

•Clarain 

2-20 1 

1-56 

0-64 

29-0 

Durain 

3-68 

1-49 

2-19 

600 


Ash per cent. 

of Purified 
Coal. (Calc. 
Iron Free.) 


0-QI 

1*^3 


• 

Complete analyses of the inherent and adventitious ashes 
showed them to be quite different in type. As all but a negligible 
amount of the iron present in coal is of adventitious origin, the 
results of the analyses in Table 2 are calculated on an iron-free 
basis. The analyses are compared with those for the middle dirt 
band, which separates two portions of the Parkgate seam, and a 
sample of seat earth of the same seam. 

It will be apparent that these three kinds of impurity in coal, 
namely, inherent ash, adventitious ash and free dirt, are of different 
tjjpes, and thgrefore probably of different origin. Silica and 
alumina together form the greater part of ordinary coal ashes and 
are chiefly of extraneous origin (aefv^entitious ash or free dirt). In 
the wood and leaves of modern flowering plants, lime forms from 
one-half to three-quatters of the total ash content, but the amount 
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Table 2. — Composition of Inherent and 
Adventitious Ashes of Parkgate Seam 

** Inherent Ash” 


Seam Sample No. 

Clarain. 

Durain. 

VIII. 

V. 

• 

IX. 

VIIT. 

v: 

IX. 

• 

Ash per cent. . 

073 

• 

2*07 

II 2 

1*03 

1*62 

2*07 

SiOg pfer cent. . 

54*1 

53-4 

55-8 

50-9 

49-6 

49-8 

AlgOaper cent. 

3 «-i 

38-8 

42-1 

42-4 

43*9 

4 f >-3 

6aO per cent. . 

3*2 

4*2 

• I-I 

i-i 

3*6 

I*I 

MgO per cent. . 

VI 

07 

0*2 

0-2 

0-4 

0*2 

Ratip.SiOg/AJgOa 

1*42 

1-38 

1*32 

1*20 

1*13 

i'08 



« 

• i 





” Adventitious Ash ” 



Clarain. 

Durain. 

VIII. 

V. 

IX. 

VIII. 

V. 

IX. 

SiOg per cent. . 

49-8 

• 50-8 

51*3 

57-0 

61*4 

62*1 

AlgO, per cent. 

42*9 

45*3 

467 

40*7 

35*3 

36*1 

CaO per cent. . 

0*1 

3*6 

1*0 

0-3 

0*8 

0*9 

MgO per cent. . 

trace 

«*8 

0*8 

trace 

o-i I 

0*3 

Ratio SiOg/AlgOg 

i*i6 

1*12 

1*10 

1*40 

174 

1*72 


“ Free Dirt ” 



Parkgate 
' VIII. 

» Middle 
Dirt Band. 

Parkgate 
IX. . 
Seat 
Earth. 

Combined water per cent. . j 

lO-I 

' ^ 

7-6 

Ash per cent. 

75*3 

8i-2 

SiOg per cent. 

55*7 

' 63-4 

AlgOg per cent. 

337 ; 

3<^7 

CaO per cent. ^ 

0-6 

,0*4 

MgO per cent. 

1*3 

0*7 

Ratio SiOg/AlgOg . . , 

1-56. 

2-35 
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• • • 
of lime usually found in the ash of coal is low. Other d^^ts 
which are found are manganese, nickel, zinc, copper, tifaauum,* 
vanaditun, arsenic, phosphorus, sulphur and chlorine. 

. The average ash content of modem plants lies between 0*5 and 
X’5 per cent, (being the highest in leaves and the lowest in bark), 
but it is possible that, under the conditions of more rapid growth 
of the Carlnjniferous period, the ash contents of the flora were lower. 
All the plant ash may not be pre^t in coal, for some of it may 
have been converted into soluble'saJts by the humic acid (ulmins), 
formed, and leached out. The low ‘ash content of South Wales 
anthracites is sometimes commented on, but this may only piegn 
that the amount of adventitious ash present is low. For example, 
the average ash content of five anthracites was 1*26 per cent., the: 

' average SiOg/AljOj ratio being only 0*91 (Grounds, Fitel, 1923, 2, 13). 
In general, coals of very low ash conteni have low SiOj/AlgOj 
ratios, or, in other words, have high'percentages of alumina, as kave 
the modem prototypes of the coal-forming plants. 

Adventitious Ash. — ^The adventitious ash (or that part .of it 
which is due to the mineral matter washed or blown into the coal- 
forming mass during an early stage of its formation) is not uniformly 
distributed throughout the coal material, but occurs usually in 
laminaeon the bedding planes. This is shown in the X-ray photogra]^, 
Fig. I (Kemp and Thomson). The adventitious ash may be seen 
in thin layers on several of the bedding planes. On cmshing, 
breakage occurs to the greatest extent alflng the bedding planes 
/where the cohesion of the material islhe lowest), and some of the 
dirtier bands will be freed from the cleaner material. In many Indian 
coals the adventitious ash content i^ so high that little purification 
of the coals' would be possible by washing unless it were practicable 
fo grind the coals very finely before washing. Similarly, R)k*ode 
Island (U.S.A.) anthracites were said to be unusable until they 
were very finely ground and cleaned. Many American coals contain 
" bone ” particles which have a high percentage of adventitious ash. 
In bone coal, however, the ash is fairly uniformly distributed 
through the mass and little improvement by crashing and washing 
is possible. 

Ankerites. — ^Ankerites occur in the form of plates, varying in 
thickness froip J in. to thin films in the cleat, ainnatt. Grounds 
and Bailey (Journ. Soc. Chem. Ind., 1921, 60, 17) suggest that they 
were formed by crystallisation from percolating saline waters 
which may have travelled horizontally in the seam through layers 
of porous fusaint They record analyses of ankerites from a number 
of Lancashire seams, and show that, in general, the ankerites 
contained over 50 per cent, of cafcium carbonate, the remainder 
consistihg mostly of magnesium and ferrous carbonates. In one 
1,000 gm. sample et coal about 3^ pfr cent, of ankerite was 
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,i.‘ » , ^ ‘ ^ ^ 

f^edejiit. The ‘fixed ash of th6 coal jbom aWMaritCs)* wai8 
• a*5 p« •o«iit*, and i2)le ash contribute by the ank«ites raisM the 
, total 'Ssh contet by 1-7- to 4-2 per cent. The high peatmi^ of 
lime present in ankerites may sometimes be the cWef cohtribhtor 
of the lime reported in coal ash analyses, and the ferrous hmi of 

ank^tes will often account for all the iron not present p3nite& 

* 

Dirt Partings. — Coal which* is commercially workable occurs 
in the earth in seams which vary in thickness from about 12 in. to 
12 ft., or, in rare cases, even more, but most of the coal wrought in 
Great Britain is won from seams of 2 ft. 6 in. to 5 ft. 6 in. thickness. 

A C05J seam may consist of solid coal between the roof and floor, 
■or may have dirt partings of variable,thickness separating bands of 
coal. The roof of a coal seam may be composed of coarse-grained 
rock ^(sandstone), or of* fine-grained bind (silty mudstone), or of 
intermediate types of material aof varying grain size (sandy mud- 
stone). The term " bind ” is sometimes used indiscriminately for 
either mudstone or shale. The grains of varying size are called, 
geol(^ically, sand, silt or mud : a sedimentary rock containing over 
50- per cent, of fine or medium sand is a rock or sandstone ; one 
with over 50 per cent, of silt, and the remainder mainly mud, is 
described as stone bind or sandy mudstone ; and one with 70 to 
80 per cent, of the mud grade, and the remainder mostly fine silt, 
is called a bind, mudstone or shale, according to the perfection of 
the lamination. In mining practice, sedimentary rocks in which 
the individual sand grams are clearly visible are termed sandstones 
or rock ; those rocks in whibh thin laminae of fine sand, or mica 
flakes, and of more muddy material alternate frequently, or whidT 
are rough to the touch, are called stone bind ; and those rocks in 
which few mica flakes occur an3 which are smooth to the touch are 
call^ bind, or, if well laminated, shale (" Sections of Strata of the 
Coal Measures of Yorkshire,” Sheffield, ' ' 

The arrangement and shape of the mineral particles have 
important effects on the character and behaviour of a sedimentlfy 
rock. In sandstones, where the quartz, felspar and mica grains 
are evenly distributed, the rock is massive (often a freestone) ; but 
when flat mica flakes have been deposited discontinuously the rock 
breaks into thin slabs and is calleq a flagstone. Tn the finer- 
grained rocks the laminations become more marked as the proportion 
of micaceous mifterals increases and as the ruling size of grains 
decreases. A bind has a relatively small proportion of micaceous 
substance, but shale has a much larger proportion of mica resulting 
from the weathering of felspar. A sandstone forms a good roof, 
which is not liable to fall during the general wofkiqg of a seam, J?ut 
laminated shales give trouble by falling to a certain extent when 
the coal is removed. * * 

The floor of a seam, or the under, clay, is called cluncb, spavin 
or seat-earth, and often contains rootlets of the coal-forming plants. 
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Some* seams have massive floors of sandstone, granite or igneius 
rocks, but usually the floors are composed of fireclay. The' floors 
are unlaminated and consist of composite clots of materials breaking 
with an irregular or conchoidal fracture. Some of the irregularities 
are attributed to effects produced by the roots of the plants when 
living. The seat-earths are more or less plastic, and in deep minf^ 
rise in the roadways to give a curved floor.* On account# of ;(, its 
softness, portions of the seat-earth may be added to th% coal woii. 

Partings may consist of bind, shale or clunch (clay), sometimes 
more or less mixed with carbonaceous matter. Black shale, bat, 
bass, rattler are various names for carbonaceous shales, many of 
which resemble cannel coal in their appearance. Dirt parfings 
may vary in thickness from ^ fraction of an inch to several feet, 
and the extent to which the dirt from partings can be excluded 
from the coal won depends on the thickness*of the partings, and to 
some extent on their natuje, i.e., .whether they are massivd *or 
friable. It also depends on the methods used to win the coal ; with 
mechanical coal cutters the seam is often undercut in the seat -earth, 
or in a dirt parting, and the coal becomes more contaminated with 
free dirt. ’ . 

In 1900, only about i per cent, of the coal mined in Great Britain 
was machine cut, in 1920 the total amounted to 13 per cent., but, 
by 1925, 20 per cent, of the output avas won with the aid of machine 
cutting. Machine cutting has been applied chiefly to thin seams, 
particularly in Scgtland, where the average thickness of the seams, 
worked is only 3 ft. In Scotland, 50 per cent, of the output in 1925 
was machine cut. In Northumberlanfi, where the seams worked 
average 3 ft. 6 in. in thickness, 29 per cent, of the output was 
machine cut in 1925, but in South Yorkshire, with seams averaging 
5 ft. in thickness, only ii per cenf. of the output was machine 
cut, and only 6 per cent, in South Wales and Monmouthshire \jith 
"seams only slightly less thick, on the average, than in South York- 
shire. Hand-holing is usually impracticable in the floor of a seam, 
but machine-holing is readily accomplished. With thin §eanis, 
therefore, to obtain the maximum yield of lump coal, it is often the 
practice to undercut, by machines, in the seat-earths, and this practice 
inevitably leads to the inclusion of considerable quantities of dirt 
' with the coal.* * 

The analyses of a seat-earth and of a middle dirt parting have 
already been given (Table 2) ; the analyses of rodf shale from the 
Top Hard seaiti, Notts., and from' middle dirt bands of the King 
seam, Lancs., and the Wigan 4-ft. seam, Lancs. ,t are recorded in 
Table 3, and compared with an analysis of the ash in the coal, 
uncgntaminated with much free dirt. 

* In some districts of deep pits which have been worked by the pillar and stall 
method, the seat-earth*is forced up between the pillars making it impracticable to 
work the p^lars left. 

t Fuel Research Physical and Chelntcal Survey of the National Coal Resources, 
No. 6 and No. lo. * 
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Table 3. — Comparison of the Analyses o^ Free * 
Dirt " and '' Fixed Ash '' of Various Coal Seams 



Top Hard Seam 
(Notts.). 

King Seam 
(Lancs.). 

Wigan 4-ft. Seam 
(Lancs.). 

% 

Shale. 

Coal Ash. 

• 

Shale. 

Coal Ash. 

Shale. 

jcoal Ash. 

•Ash , . . 

93-8 

• 

. 9-2 

91‘2 


8o'0 

5-8 

SiO, 

63-5 

50-6 

67-8 

Not 

58-8 

31-5 

AliOi . . . 

23-8 

457 

244 

deter- 

36-6 

32*2 

.Fe, 0 *, . 

4-6 

0*9 

27 

mined 

1-8 

21‘0 

•CaO 

1-5 

1*4 

• 0-8 


0-9 

3*3 

MgO 

^1*0 

0*3 

0-8 


0-2 

6*2 

SiOj/AljOj 

2-67 

i*ii 

• 

2*77 

• 


i-6i 

0-98 


It will be observed that the SiOa/AlgOg ratio for shales (free 
dirt)' is usually high, but in the ash of coal uncontaminated by free 
dirt it is usually small. 

The “ free dirt *' in coal from roof, floor and dirt partings has 
often a density of 2-3. When farbonaceous shales are included, 
the specific gravity is lower. In coal cleaning the chief aim is to 
remove the free dirt, but the heavier middlings present in raw 
coal, unless they can crushed and rewashed, have often to be 
rejected with the dirt. The« 4 iability of a coal to contain middlings 
is indicated roughly by the ash content of the pure coal " fraction 
floating in a liquid of S.G. 1*35. Coals fairly free from middlings 
(or with middlings of low ashP content) yield material floating at 
S.CL 1*35 with only i or 2 per cent, of ash, but coals with a large 
middlings fraction usually have 5 per cent, of ash or more in the 
fraction floating at S.G. 1-35, 

•Thgre are well-marked differences in the amounts and com- 
position of the ash found in the four ingredients of banded bitu- 
minous coal, namely, vitrain, clarain, durain and fusain. The 
amount of ash in these ingredients usually increases in the order 
given, as is shown in Table 4. • • 

The ash content of fusain, though* usually high, may not affect 
the ash content •of a coal sample appreciably, because fusain is 
usually only present in coal to the extent of a feWper cent. Its 
great friability, however, leads to a concentration of this material 
in the fines or slurry, and in this connection it assumes a position 
of relative importance. ^ ^ 

The ash contents of the coal at different horizons of a seam vSry, 
as shown by the figures giv^i in Table 5 (Siiinatt, Journ, Soc. 
Chem. Ind., ; , 46, 244T). The horizons were separate^ at their 

natural partings formed by layers df Tfusain. 
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• Table 4, — Ash Contents of the Ingredients of 
Banded Bituminous Coals 


Seam. 

Vitrain 
per cent. 

Clarain 
per cent. 

Durain 
per cent. 

Fusain 
per cent. 

((") • • i 

. I*o6 

1-03 

1-58 

0 

15-14. 

Parkgate, Yorkshire ■ (^) 

1*46 

1-40 

5-40 

8-6o 

(w . .* 

I-II 

1-90 

3*39 

10*88 

Top Hard, Notts 

0-00 

1*30 

7-80 

13-80 . 

Hamstead, Warwickshire 

I-II 

1-22 

6-26 

15-59 • 

Cumberland ! i?) ‘ 

I-I9 

1-30 

1-94 

0-77 

( (0) . . ... 

2*54 

3-74 

677 

2-93 

Furnace, Lancs. .... 

1*20 

2-59 

8-66 

6-25 

Arley, Lancs. .... 

0-87 

•i-i5 

2-56 

4-72 

Trencherbone, Lancs. 

•1-54 

2-17 

1-47 

5-5fi 

Wigan 5 ft., Lancs. . ! 

1-92 

279 

4-65 


Wigan Yard, Lancs. 

0*82 

3-26 

12*90 

5-90 

— 



- 

• 


Table 5. — Ash Contents of Different Horizons 
OF Lancashire Seams 


Seam. 

Horizon. 

Ash per cent. 

Ravine. 

• 

Roof to s?9 in. 

6*0 

rt 

19-21 in. 

31-4 


21-27 ,, 

10-7 


27-29 ,, 

38-3 


29-35 

10*7 


35-49 .. 

7-2 


49-53 

50-4 


53-61 .. 

6-7. 


61-72 

II-3 


Bottom dirt. 

2I-I 


Average for seam. 

87 

Wigan 5,ft. 

* Roof to 14 in. 

7-4 


14-30 in. 

3-0 


30-49 - « 

4-4 


Average for seam. 

5-1 


Distribution of Ash according to Sizes. If the methods of 
getting coal could enable a uniformly sized product to be loaded 
into the haulage tubs underground, ‘the coal, as delivered to the 
consumei;, would still be composed of differently sized lumps 
because of the crushjrig and* fracturing necessarily involved in 
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any. form of handling and transport. The largest lumps, those 
*over,'^y, 6 in., would contain less ash than the smaller lumps 
because they would -remain from those lumps which originally 
contained fewest cleavage planes, planes which represent or* are 
caused by thin laminae of mineral matter. In the smaller sizes 
the ash content is usually (though not universally) greater than in 
the lumps. 

The distribution of ash according to size of coal may be illustrated 
,by examples. The figures given by Drakeley (Trans. Inst. Min. 
Eng., 1919, 59, 71), are mean values for a number of Lancashire 
cqals (Table 6). 

Table 6. — Distribution of Ash in Lancashire Coal 


Size of Coal. * 

Ash. 

2J-2J in. . . ? . • . 

i6'Oi per cent. 

2^ 2 tt * • • • * 

16-42 

2 “1 ^ . » . . 

II-97 

• • • • 

15-93 

ij-lj • 

13-16 

ii~ ^ • • • • 

8-75 

I ~ '4 , , . . . . 

10-03 

^ ft • • • * 

15-43 

i"* J M • 

16-89 

» » * 

16-67 

^ 10 M • • ^ * 

20-35 


The minimum amount of ash in these Lancashire coals is coff- 
tained by coal less than in. and greater than i in. 

The ash analyses of the different sizes of a number of American 
(Becific North-West) coals are given in Table 7. They show, -in 
most cases, a progressive decrease in ash content from the largest* 
sizes to the smallest studied. 


Table 7. — Ash Contents of Different 
Sizes of Coal 


Coal. 

• 

Rank. 

3 -if 

( hi .). 

tu. 


% 

(in.). 

f’n in. to 
20 mesh. 

Below 
20 mesh, 

Beaver Hill . 

Sub-bituminous 

37.2 

31-6 

28-3 

• 

275 



Roslyn 

Bituminous 


36-8 

21-7 

17*5 

i6-6 

l6-8 

Wilkeson, No. 3 

Bituminous 

47-6 

38-6 

300 

250 

— 

— 

Carbonado. No. 3 . 

Semi-anthracite 

29'2 

25-7 

24*6 

• 

22-9 

244 

276 

M 


The figures in Table 8 refer to a Vancouver coal. The bulk 
sample contained 28-1 per cent, ^f.ash, and the coal was divided 
into ten portions by scrgening. 
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Table 8. — ^Distribution of Ash in Vancouver 
Coal according to Size 


Size of Coal. 


Ash. 


> ijin. 
li-i 
I - i M 

i- J .. 
i- I .. 
i- i.. 
i~ i >» 

i~l\r » 
T*(j~ 3V <> 
<g^ » 


i6-6 per cent. 
i8-2 

2I'I 
22 O 

247 

i6-6 

26-5 
292 
34-1 
38-4 


The gradual increase in the ash content f Am size to size is ve^ 
marked, the only exception .being tke fraction f to J in., which 
however, comprised only 0 92 per cent, of the whole. 

A similar graduation is shown by an analysis of an American 
anthracite (Table 9). 


Table 9.— Distribution of Ash in American Anthracite 
according to Size 


Size. 


Ash. 


2j-ij in. . 

iFii >, : 

I .> • 
M .. • 
^ i • 


5-82 per cent. 
V>-30 
13-00 
15-05 

17-10 


Generally, liowever, American anthracites from the Wyoming, 
Lehigh and Schuylkill fields have ash contents decreasing wifli 
s'ize to about 28 mesh and increasing in the sizes less than this. An 
analysis of such an American anthracite is given in Table 10. 


Table 10 


Size of Coal. 


> A in- • 



J in. -14 mesh 

14-48 „ 

48-100 „ 
100-200 
• < 200 „ 


Ash. 

28-8 per cent. 

16- 5 

17- 0 •„ 

16-5 

i6-o ,, 

197 

21- 5 

22- 6 


Where the coal of a seam is hard and the dirt associated with it 
relatively friable the fine,frt sizes of toal contain the greatest amounts 
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of ash, but when coal is itself friable, the increase in ash cpntent 
with .decreasing size may not be so marked, or the finer sizes niay 
even contain less ash than the larger sizes. In Yorkshire, Derby- 
shire, Nottinghamshire, Lancashire, Staffordshire, Warwickshire, 
Cumberland and Scotland, the coals are usually hard, and a pro- 
gressive increase in the ash content often occurs with decreasing 
size. .This may be illustrated with the figures for Yorkshire coals 
in Table ii. 


Table ii. — Increase in Ash Content of Coals with 
Decrease in Size 


Size (in.). ^ 

> i-i 


l-t 

i-A 

A 

AU 

Sizes. 

• • 

• 

• 

.\sh per cent. 



High Hazel 

1-8 

5-6 

9-0 

157 

20*8 

7-2 

Barnsley . 

— 

9-9 

12*9 

i6-3 

20-8 

I2-I 

Silkstone . 

6-4 

8-1 

14-4 

21-5 

II-8 

14*3 

Haigh Moor 

— 

8-8 

17-4 

22-3 

21-8 

15*3 

Flockton . 

267 ; 

, 177 

19-5 

28-9 

38-3 

24*3 

Seam C . . . 

19-8 

25-0 

237 

29-0 

r 

39*3 

26-3 


In Durham the coals a*e often friable, and the increase in ash 
content with decrease in size may not be marked, as shown in the 
following examples (Table 12). 

• 

Table 12. — Distribution of Ash in Different 
Sizes of Durham Coals 


• .Size (in.). 

Ash per cent, in Coal. 


A 

B 

C 

D 

> I . 

— 

• 

4 * 8 * 

4*5 

I - ^ . 

— 

• 

i8-6 

5*3 

i- i . . • . 

13-0 

— 

19*5 

5*6 

i- i • 

12-8 

II-2 


15-6 

6-9 


12-8 

} 12-9 

1 


14-6 


■ 15-8 

4*5 


15*9 

13*3 

'J 




In South Wales and Monmouthshire, as weU as in permany, 
France and Belgium, the true coMdg coalsoare particularly friable. 
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and the decreasing sizes of coals usuaUy shov^^a d^ease in a^ 
content, as shown in the following examples (Table 13) : — ^ • 


Table 13. — Distribution of Ash in Different Sizes 
OF Welsh and Belgian Coals. 


Size (in.). 

2-1. 

I-I* 

i^i. 

i-i 

i-A- 


< A* 

S. Wales A 

18-9 

15-3 

150 

10-6 

8-5 

7-2 

6-8- 


Size (in.). 

2i-i. 

l-|. ^ 

. 


< sH-. 

Belgium B . 

39-8 

29-3 

287 

26-8 

C . 

41-6 

38-5 

31-0 

18 -0 

D . 

35-3 

34-5 

28-0 

24-2 . 


Sulphur. — The sulphur contained in coal is always an un- 
desirable element, and often seriously impairs the value of the 
coal. All cleaning operations endeavour, as far as possible, to 
reduce the sulphur content of the cleaned* product. In America, 
m some cases, the principal object of washing is to remove as much 
sulphur as possible from the coal, and the percentage recovery 
may be allowed to suffer to keep the^ sulphur content of the washed 
product to a' low figure. The removable sulphur is usually present 
ill coal as crystalline pyrites in lenticular inclusions on the bedding 
plane, or as thin sheets in the cleat. When the size of the raw 
material cannot be reduced to free the coal from the pyrites, the 
P5nritic coal may be rejected with the dirt. On the other handr a 
small body of pyrites buried in a relatively large lump of coal 
increases its specific gravity only slightly, and a high sulphur 
content may, in such a case, justify the expense of crushing before 
washing. * • 

There are four principal forms in which sulphijr occurs in coal, 
namely: (i) pyrites in lenticular. masses and sheets; (2) finely- 
divided (microscopic) particles of pyrites disseminated throughout 
the coal material ; (3) organic sulphur ; (4) sulphate. Only the 
sulphur present as (i) can be removed by coal-cleaning processes. 

Powell and Barr {Bull., iii, Univ. of 111. Eng. Expt. Stat., 
1919) and Powell (Tech. Pap. No. 254, U.S. Bureau of Mines) record 
the following figures for the percentages of sulphur present in 
different ^forms in some^Americap coals (Table 14). 
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Table' i4.'7Torms of Sulphur in American Coals, • 




Coal. 


• S. Illinois 


Tennessee 

Pennsylvania 

W .• Virginia 
Kentucky . 
Kansas 


4 

5 

6 

7 

(I 

(2 


fl 

i2 


• 

Sulphur per cent. 


Total. 

Pyritic. 

Sulphate. 

Organic. 


• 2*11 

0-85 

0-05 

I- 2 I 

. 

T -23 

0-31 

0-25 

0-67. 

• • 

4-84 

2 -06 

I 31 

1-47 


3*12 

1-36 

0*31 

0-55 


0-85 

0*29 

0*01 

0-55 


4-24 

175 

071 

178 


i-in 

0-47 

0-07 

0-62 


1-68 

079 

0-23 

0-66 


. 0-55 . 

o-o8 

o-oi 

0-46 


0-68 ' 

0-13 

0-04 

0-51 


3-02 

1-99 

0-32 

071 




1 . 

. . 




Woolhouse (Fuel, 1925, 4, 456), using the Powell and Parr method 
for some British coals, found the percentages of sulphur present in 
different forms as follows (Table 15) : — 


Table 15. — Forms of Sulphur in British Coals 


CoaJ. 


Sulphur per cent 


Total. 

• 

Pyritic. 

Sulphate. 

Organic. 

Aiithracite (S. Wales) 

I of) 

075 

o-o8 

■ 

0-23 

Busty (Durham) 

1-03 

O'lg 

0-12 

072 

Siikstone (Yorkshire) . 

1-38 

076 

0-07 

0-55 

Parkgate X . . . 

2-00 

1-04 

0-07 

0-89 

Parkgate XI . . . 

2-01 

1-09 

0-09 

0-83 

Parkgate III 

4-33 

2-34 

0*35 

1-64 

Parkgate VII . 

2 - 57 * 

1-37 

O-JI 

1-09 

Parkgate IV . 

3 I 5 ’ 

271 

o-o8 

0-36 

Derbyshire At 

2 -6 i 

1-55 

0*19 

0-87 

Derbyshire B . 

1-89 

o-8o 

o-ii 

.0-98 

Thick (Staffs.) . 

4-30 

2 -II 

0*32 

1-87 


The pyritic sulphur is decomposed on heat ihg, one atom of 
sulphur being split from the molecule. Thf free sulphur atom 
combines with hydrogen to form hydrogen sulphide, in which 
form it is mostly expelled from Jbe heated mass. SonTe of the 
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sulphur, however, combines with the lime present in the ash and 
is retained as calcium sulphide or calcium sulphate. ; J3urmg 
carbonisation an average amount of approximately 70 per cent, of 
the total sulphur is retained by the coke, some of which is removed 
as hydrogen sulphide during quenching.* 

Foerster and Geisler /. angew. Chem., 1922, 35, 193), 
working with German lignite, found that much of the. organic 
sulphur was retained in the solid product of distillation as calcium 
sulphide. 

Ditz and Wildmer (Brenn. Chem.,_ 1924, 5, 149, and 167) under*- 
took a comprehensive study of the distribution of sulphur forms 
in an Arsa coal. The coal contained between 8 and 9 per cent, 
of sulphur, 96 per cent, of which was in the form of organic sulphur. 
Ditz and Wildmer found that, on carbonising the coal, much of 
the sulphur was retained in the coked product as sulphate. T his 
they attribute to the presence of lime in the ash. 

In Table 16 the remot^al of sulphur in washing a number of 
coals is recorded. 

Table 16. — Sulphur Removed by Washing 


Coal. 


/I . 

2 . 

• . 3 • 

Lancashire < 4 . 

(Drakeley) 5 . 

8 . 

\I2 

American [ i 

(Fraser and Yancey) - 2 

• (3 

Pennsylvania 
Kentucky . 

Tennessee . • . 

Washington 
Montana 
Ohio 

• It 

• For the method^ of determining the distribution of sulphur in coal, and for 
further information with regard to it, the reader should also consult : Powell, 
Journ. Anner. Chem. Soc., 1923, 45, 1 * Schellenberg, Brenn. Chem., 1921, 2, 349 and 
368 ; and the authorities already quoted. 


Sulphur Content (per cent.). 
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Phospliorus. — phosphorus occurs in coal in aniounts varying 
from* traces to 0*3 per cent, Durham coals usually contain less 
than 0*01 per cent. ; many bright coals of South Yorkshire also 
contain less than o-oi per cent, of phosphorus, but the hard coals 
usually have larger amounts. Phosphorus may often be a trouble- 
some element in the use of metallurgical coke. This has been found 
to be the case for some Cumberland and South Wales coals, which 
are used for the production of -coke for the manufacture of low- 
phosphorus pig iron used in acid-steel processes. For acid-steel 
manufacture a very low-phosphorus iron, and hence a low-phosphorus 
coke, is required. The manner of distribution of phosphorus in 
coal has not received the amount of study it deserves, and the 
methods of determining the total phosphorus, and of distinguishing 
between the organic and the inorganic phosphorus, are not altogether 
reliable. This is to some extent responsible for the fact that, at 
present, our knowledge of the Removal ^of phosphorus in different 
washing processes is meagre, though it would appear that under the 
most favourable conditions the percentage removal of phosphorus 
is small. Cawley {Fuel, 1924, 3, 21 1) records the results of trials 
with k Baum washery, the analysis of the products being as follows : — 


Nut coal . 

Small coal . 

Large shale 
Intermediate slmle 
Small shale 
Slurry 


Phosphorus per cent. 

0*0306 
0*0263 
. ,0*0183 
0*0208 
. 0*0323 

0*0262 


In this example the phosphorus appears to be concentrafed in 
the iarge coal and the smaller dirt, though it is noteworthy that 
the largest size of shale contains the least of all the fractions. The 
results of further trials, using a froth flotation method, are sum- 
maMsed,in Table 17. 


Table 17. — Distribution of Phosphorus in 
Flotation Prooucts • 


• 

Original 

Coal. 

First 

Froth. 

Second 

Froth. 

Third 

Froth. 

Residue 
Coal and 
•Dirt. 

Dust from 
Washing 
Water. 

Per c. of original coal (A) 



11*7 

«*45 

53*33 

17*95 

2-8o 

Ash per cent. 

7-78 

2*76 

2*98 

4*72. 

39*54 

38-3 

Sulphur per cent. 

1-79 

1*51 

1*36 

1*57 * 

1*86 

2*2# 

Phosphorus per cent. 

0*0492 

0*0342 

0*0370 

00515 

0*0456 

0 162 

Per c. of original coal (B) 

— 

696 

1*70 

24*7 • 

9*0 

3*0 

Ash per cent. 

9*24 

2*58 

3*94 

3*57 

62*14 

22*23 

Phosphorus per cent. 

0*0238 

0*0200 

1 

0-0221 

» ^ 

0*0224 

• 

0*0650 

• 0-0485 


C.C. 
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These results suggest that a normal flotation process is no more 
successful than jig-washing for the removal of phosphorus froih this . 
coal. Better results were obtained with very fine coal, but the 
degree of fineness was such as to make the coal difficult to deal • 
with on a practical scale. Cawley also gives figures which show 
that the phosphorus tends to be concentrated in the durain and 
fusain portions of some coals (Table i8). 


Table i8. — Distribution of Phosphorus in the 
Banded Ingredients of Bituminous Coal 



Phosphorus per cent. 

Ash per cept. 

Seam A. — Vitrain 

0*0030' 

1-2 

Clarain . ^ . 

, 0*0023 

1-3 ' 

Durain 

0*0024 

1-9 

Fusain 

0*0056 

0-8 

Seam B. — Vitrain 

j 0*0648 

2-5 

Clarain 

0*0802 

37 ' ■ 

Durain 

0*2000 

6-8 

Fusain 

0*2200 

2-9 


The concentiration of phosphorus may vary in different benches 
of the seam, this being illustrated by figures for the Pittsburgh 
seam, Pennsylvania, recorded by Fulton {Coke, Scranton, Pa., 1905, 
p. 41). In the Cohnellsville region, the seam is divided into two 
portions, each of which has three subdivisions or benches which 
contain the following percentages df phosphorus : — 


In the Upper Portion — 

Per cent. 

Top, I ft. 

0-062 

Middle, — ... 

0-036 

Bottom, I ft. . 

0-028 • 

In the Lower Portion — 

Top. — 

. 0*039 

Middle, 2 ft. . 

0*019 

Bottom, 3 ft. . 

0*009 


It would appear therefore that selective mining of this seam, 
if practicable, would reduce the phosphorus content of the coal. 

Davies {Fuel, 1926, 5, 550) examined the distribution of 
phosphorus in number of Welsh coals. He states that the limiting 
amount of phosphorus allowed in coke in South Wales is 0*03 per 
cent. Many South Wales coals Contain relatively large amounts 
of phosphorus and can only be used by blending with low-phosphorus 
coals. In past years^ coking^ cfbal mixtures of sufficiently low-phos- 
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• • , • 

phorus content were obtained by mixing high-phosi^iorus coals 

with coal, from No. 2 and No. 3 l^ondda seams, with phosphorus 
contents less than o-oio per cent. The depletion of the reserves 
of these two seams has accentuated the difficulties experienced, 
and considerable expense has been incurred in purchasing suitable 
coals of low-phosphorus content. 

Davies divided a number of coals into different sizes, but did 
not find any regular variation of phosphorus content in the different 
grades. By separating the fractions in liquids of different density. 
However, a progressive increase was found in the phosphorus 
contents of coals floating in liquids of higher density. Some of 
his Vesults are recorded in Table 19. 


Table 19. — Phosphorus Contents of SoutA^Wales Coals 


• • 

Sram. 




FIbats at S.G. m 




Sinks at 

i‘3- 

I 3 ^ 5 . 

I '35- 

1-45. 

1*60. 

1 - 8 . 

2-0. 

2*2. 

2-4. 

s.(;. 2-4. 

C.P.W.’ . 

0015 

0-043 

0-100 

0-147 

0-410 

1-163 

0-267 

0-092 

0-042 

O-III 

c.t.n.w. 

0-004 

O-OOQ 

0039 

0-097 

0-298 

0-658 

2 * 45 ^ 

1-114 

0-316 

0-056 

C.N.E. . 

0-005 

0-009 

0-038 

0-097 

0-150 

0-250 

0-334 

0-120 

0-092 

0-164 

C.D.S.W. 

0-009 

0-012 

0-014 

0-017 

0-028 

• 

0-II7 

0-117 

0-089 

0-056 

0-139 


The fractions of S.G. i‘6 to 2*0 contained the largest amounts 
of phosphorus. Davies calculated that, to produce coal containing 
0-025 per cent, of phosphoruji*’ the percentage recovery for different 
coals and their ash contents would be : — 


« 

• 

G.P. 

G.L.F. 

C.P.W. 

C.T.]Sf.W. 

C.N.E. 

Yield per cent. 

Wa^ed Coal Ash per cent. . 
Refuse, Ash per cent. . 

48-0 

275 

21*6 

OJ VO 

H W 0 
4^74 6 

67-5 

2*00 

28-0 

8o-o 

170 

52*2 

78-0 

170 

56*5 ‘ 


To produce washed coals of such Jow ash contents (although 
the phosphorus contents would be satisfactory) was considered to 
be justifiable only^ when it was possible to dispose of a separate 
middlings fraction. 

Salt. — Salt (sodium chloride) is a troublesome constituent of 
many coals, particularly in South Yorkshire, North Staffordshire, 
and in certain districts of Germany. It has been 'stated by Feai^i- 
sides that coals mined at a depth below 1,000 ft. are usually salty. 
The salt accumulated in the "fcoal-forming material which was 
deposited in brackish water. The bright portions of coal (clarain 
and vitrain) usually contain less salt lhan the Bull portion (durain). 
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Bradley (Fi^, 1928, 7, 31) records figures. for the distribution 
of salt in different sizes of a South Yorkshire coking sl^k before, 
and after washing. His figures are reproduced in Table 20. 


Table 20. — ^Distribution of Salt in Different Sizes 
OF Raw and Washed Coal 


Size. 

‘Raw Coal. 
Salt per cent. 

Washed 

Coal. 

Salt per cent. 

Per cent, of 
Salt removed. 

• 

> i in 

0*29 

0*20 

31 • 

i-i in 

030 

0*24 

20 

i-i 

0*30 

0-20 

33 ■ 

» » 

0-39 . 

0*20 

49 

in.-30 mesh 

. 0-54 

0-21 


30-90 mesh . . . * . 

071 

0*26 

63 

< 90 mesh .... 

I-IO 

0 

Cri 

00 

48 


In the raw coal the salt content was almost uniform for sizes 
above J in., but rapidly increased for sizes less than J in., until it 
was over i per cent, in the smallest size. Possibly the porous 
ingredient of coal, fusain, carries the greatest percentage of salt 
(c/, Louis, Chem, and Ind,, 1927, 46, 547). The salt content of the 
* washed coal was approximately constant Jor all the sizes except the 
srnallest, and, therefore, more salt ^ was removed from the finer 
sizes, which expose a greater percentage surface to the solvent 
action of the washery water. Bradley also gave figures for the 
distribution of salt in five samples of unwashed coking slack (South 
c Yorkshire) which are reproduced in Table 21. 


Table 21. — Distribution of Salt per cent, in Different 
Sizes of Coal 


Size. 

E. 

B. 

A. 

c. 

D. 

» 

> 1 in. . . . . 

o-o8 

015 

0-21 

0-29 

0-35 

Fi in 

0-15 

0*23 

0-25 

0-30 

0-34 

i-i „ . • 

0x5 

o-i8 

0*30 

0-31 

0*40 

i-A in 

o-i6 

0*19 

030 

0-34 

0-42 

^ in.-30 mesh 

0'i6 

0*19 

036 

0-41 

0-47 

39-90 mesh -t, . 

019 

0-21 

0-48 

0-62 

0'64 

< 90 mesh .... 

013 

0*27 

079 

1-04 

I *08 

Total . . . . 

c 

0-14 

o-i8 

036 

i 

0-37 

0-45 
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The coals are arranged in order of increasing salt cont^t of 
.the. tdtal .samples, and this order is maintained for every size of 
coal. The salt is therefore distributed throughout the coal sub- 
• stance. The distribution is again fairly uniform for sizes above 
\ in., or in some cases above ^ in., but below these sizes (and 
particularly below 30 mesh size) the increase in salt content is 
very marked, which supports the view that the salt is more concen- 
trated in the fusain fraction (whieh accumulates in the finest sizes) 
than in the rest of the coal. 

* It has been found that when coals containing more than about 
0*05 per cent, of sodium chloride are coked in coke ovens, the 
refractory linings suffer from corrosion, which may be so severe 
a3 to necessitate relining after a few months of use. The corrosion 
reveals itself when pieces of the brick* of the thickness of perhaps 
J in. peel off the walls, teaving a roughened surface which may be 
furthi^ attacked, and which 14 itself increases the difficulty of 
pushing the coke from the ovens. 

The chlorides in the coal are not entirely present in a soluble 
form. J. W. Cobb {Gas World, 1916, Coking Section, April) showed 
that with one coal 0-38 per cent, of salt was extractable with water, 
but a further 0*41 per cent, was removed in dilute nitric acid ; 
with another coal the amounts were 0-36 and 0*26 per cent, respec- 
tively. During the short time the.coal is in contact with the water 
in a washer, and because of the relatively small surface that the 
coal offers, the removal even of soluble salt from coal is imperfect. 
By recirculation of the vtfishing water the concentration of salt in 
the water increases. • 

In Table 22 the percentage amounts of salt in washed and un- 
washed coking slacks are recorded : — 

. Table 22. — Per Cent, of Salt in Coals before 

AND AFTER WASHING 


• 

Plant. 

In Coal 
entering 
Washer. 

In Slack 
leaving 
Washer. 

In Slack 
after 

Drainage. 

In Washing 
Water. 

S. Yorkshire i 

0*217 

• 

o*id7 

4 

o*o6 

0 *7-1*0 

S. Yorkshire 2 • 

0*37 

— 

o-i8 

0-15 

S. Yorkshire 3 

0-39 

— 

o-iq • 

0-15-1 0 

S. Yorkshire 4 

o*6o 

— 

015 

— 

W. Yorkshire 

0*46 

— 

0-28 

— 

Derbyshire i 

1 

0*488 

— 

0-378 

0-246 


The Effect of Washing on the Fusibility of Goal Ash* — ^The 
fusibility of their ashes is one of the diief objections to many coals. 
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A gmeral relationship exists between the softeiung temperature of 
the ash of a coal and its liability to clinker. Not only does .clinker 
clog the firebars of a grate and necessitate the use of an excessive 
drat^ht, but it frequently results in a direct loss of fuel by enclosing 
particles of unconsumed combustible matter in a molten or semi- 
molten mass of inorganic matter. For pulverised-fuel firing perhaps 
the commonest fault of some coals is the fact that their ashes have 
low fusing points, with the result that trouble is experienced in 
maintaining the refractory lining of furnaces, and the material in 
metallurgical furnaces suffers from a,gh contamination and scaling*. 
In a boiler, the efficiency of heat transfer to the water tubes is 
decreased by the presence on them of a coating of semi-molten ash 
of low thermal conductivity. 

The effect of cleaning a coal on the melting-point of its ash is 
therefore an important consideration. Siimatt and Wood (Trans, 
Inst. Min. Eng., 1923, 3-4, 66, 58) s^iggest that, on occasion “ exces- 
sive purification may produce coal yielding ash, the melting-point 
of which is relatively low, and thus reduce the value of the purified 
coal for certain industrial purposes.*' 

Sinnatt, Owles and Simpkin (Journ. Soc. Chem. Ind., 1923,42, 
266 t ) have shown that, after screening and washing, the melting- 
points of the ashes produced from different sizes of the products 
may vary. Their results for thr^e coals are quoted in Table 23. 

Table 23/— Melting-Points of Ash (Degree Cent.) 


Grade of Coal. 

Seam A. 

* 

Seam B. 

Scam C. 

Lump 

1.345 

1 

1,280 

1,345 

'Slack 

1,240 

1,240 

1,300* 

Slurry 

1,190 

1,200 

1,180 


In general, the melting-point of a coal ash is relatively low if it 
contains comparatively large quantities of iron, lime or magnesia. 


Table 24. — Melting-Points of Ashes of Vitrain, 
Clarain, Durain and Fusain (Degrse Cent.) 


Vitrain. 

Clarain. 

Durain. 

Fusain. 

1.340 

1,310 

1.430 

1,220 

— t 

1,260 

1,430 

1,200 

J,3io 

1,320 

. ' f 

1,450 



1,200 
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whereas with high, contents of silica and alumina, ‘an ash ha$' a 
relativpljr high melting-point. 

Bright coals (clarain and vitrain) usually contain large quantities 
of iron which is, however, almost absent from the ash of dull, hard 
coal (durain). The melting-points of durain ashes is, therefore, 
usually higher than that of clarain and vitrain ashes, as shown in 
Table 24. 

Saline deposits from percolating waters may result in fusain 
having a high content of iron, lime, magnesia and alkalies, which 
reduce the melting-point of the fusain ash. Fusain ash has the 
lowest melting-point, and one precaution which therefore suggests 
itself in preparing a coal of which a high ash melting-point is 
.desirable, is the removal of the finest grades of coal, which usually 
contain the bulk of the fusain. 



CHAPTER II 

THE EXAMINATION OF COAL PRIOR TO CLEANING 

GENERAL 

The removal of dirt from the coal won in the pit begins at the 
coal face, when some of the lumps of rock or shale mixed with the 
coal are discarded. In deciding to clean the coal by hand-picking 
or by automatic means, a colliery compamy must first consider 
the nature of the seams available, and must decide what proportion 
of the dirt can be removed underground, and to what extent it 
may be advisable to win the whole of the seam, and to remove 
the impurities from it above ground. It may occur that a thin 
band of coal is separated from the main seam by a thick band 
of shale, and, in these circumstances, it may be more profitable 
to leave the thin coal band rather than to cut the dirt band and 
endeavour to separate the impurities from the coal, either under- 
ground or at the surface. The consideration of this point involves 
solely questions of market values and mining difficulties, and the 
quality of the coal in the thin band and 1;he character of the dirt 
and of the roof are of primary importance. 

f Decisions on these points being reached, the next point to 
consider is the degree to which cleaning can be effected by hand- 
picking, and how much of the small coal must be cleaned by auto- 
rpatic or mechanical means. In some cases it is desirable to M^ash 
all the coal below 4 in., in others hand-picking provides a sufficient 
degree of cleaning down to a size of 2 in., and in other cases it may 
only be considered necessary to wash the slack below, say, | ,in. 
These matters are essentially ones of cost and of market Values. 
Hand-picking is usually inefficient on sizes below 4 in., and, though 
the raw coal below 4 in. may contain only 7 or 8 per cent, of ash, 
the cost of washing all the cOal below 4 in. is seldom other than a 
profitable investment on account of the greater utility of the cleaner 
coal. In any event, it is usually desirable to wa«h the slack coal, 
for the smaller sizes are frequently the highest in ash content. If 
all the coal below 4 in. contains 8 per cent, of ash, it may be possible 
to reduce the average ash content by 2 or 3 per cent, by washing 
only the smaller sizes, below, say, f in., the nuts (4 to f in.) being 
by-passed. This will depend upon the average distribution of the 
coal according to size, and especially upon the relative proportions 
of " pure '' coal, “ pure ” dirt and midffiings in the nuts and in the 
slack. 
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In order to decide what portions of the raw coal to pass through 
. the washer, the coal too small to be hand-picked must be examined 
in two ways. Firstly,, an average screening analysis of the raw 
• coal over a period must be made, and, secondly, it is necessary to 
know the fractions into which each separate size of coal can be 
divided by washing. For the latter purpose several methods of 
examination are available, namely : — 

I. Washery trials, 

. 2. Float and sink analysis, 

3. The Henry tube mbthod. 

’ • WASHERY TRIALS 

One method of determining the maximum degree of cleaning 
to which a given coal sample can be subjected is to wash the coal 
sevefdl times, or for prolonged peiiods, aijid assume that the product 
is “ pure " coal (purity being measured by the comparative absence 
of “ free dirt In a jigging plant the washing operation can be 
carried on for a long time and a sample of the top layer in the washing 
box may be regarded as coal in the purest state to which that 
washer can treat it. 

This method is a fairly reliable one and has the advantage that 
it is a trial under working conditions, though perhaps more severe 
than the normal. Its drawback is that it makes no allowance for 
daily fluctuations in the feed coal, and gives no indication of the 
nature of alternative products that might be produced to meet 
market requirements. • 

Although usually the examination of coal before washing does 
not require a large-scale trial, there are many cases in which such a 
trial is desirable to indicate the alnount of disintegration of the shale 
andtfracture of the coal sustained in practical operation. This- 
information is often required in calculating the necessary provision 
for water clarification and for the settling-out of slurry. 

FLOAT AND SINK METHODS 

A more satisfactory means of determining the washing character- 
istics of a coal is provided by float anfl sink trials. The majority 
of cleaning processes depend for their action upon the difference in 
density of coal and its impurities, the lighter coal being recovered, 
whilst the heavier mineral matter is discarded. It Has also been 
found that float and sink methods may serve as a useful guide for 
the control of flotation processes, despite the fact that such processes 
do not depend on density differences for their workijig. 

To determine the washability of a given representative sam^e 
of a raw coal, the coal is graded according to size. Each portion 
is then tested in liquids of different density, the amounts of ‘‘afloat ” 
and “ sink " being determined. Sizihg is desirable, for it facilitates 
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t]he separation' of the coal and the impurity, ahjd at the same time 
proyides information with regard to the concentration of impurities 
in different sizes of the coal. In any event,. before testing, the coal 
should be freed from dust. 

If the coal is found to contain large quantities of middlings, it 
may be desirable to crush them and test the crushed material 
separately. This will indicate whether crushing and rejvashing 
the middlings is likely to be profitable. 

Sizes for Testing . — Suitable sizes for grading the coal before 
float and sink testing are ; — 

Over I in. 

I to I in. 

I to I in. 

I in. to I mm. , 

Below I mm. 

When the nuts and fines are washed separately, the sizes should 
include that at which they will be screened before washing, and 
suitable sizes are : over i in., i to f in., | to | in., f to ^ in., ^ in. to 
I mm., below i mm. Similarly, when all sizes of the raw coal .are 
treated in one washer and the fines are screened out from the 
washed coal and rewashed, the screen size selected should also be 
included. In some washers, closer sizing of the feed is required, each 
size being fed to a separate unit. In these circumstances, closer 
sizing ratios may be desirable. 

Liquids to Give, Required Specific Gravities , — The most suitable 
liquids for use as separating mediuifi are carbon tetrachloride or 
^ solutions of calcium or zinc chloride in water. Carbon tetrachloride 
has a specific gravity of i’6i at 15° C. To obtain solutions of different 
densities, the carbon tetrachloride*^is diluted with toluene (specific 
^gravity 0-872 at 15® C.). Solutions of given density (at 15° CJ are 
given by mixtures of the following composition ; — 


Specific 

Gravity. 

Vol. of Carbon 
Tetrachloride 
per cent. 

Vol. of 
Toluene 
per cent. 

c 

1-20 

9 

' 44-4 

55-6 

1-25 

51-2 

,.48-8 

‘ 1-30 

58-0 ■ 

42-0 

1-35 

64-8 

35-2 

1-40 

71-5 . 

28-5 

1-^5 

78-1 

21*9 

1-50 

85-1 

14-9 

1-55 

91-5 

8"i 

I -60 

987 

* f 

1-3 


T 
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Benzene is ako a convenient diluent for the carbon tetradiloride. 
When an aqueous solution of salt is used as the separating ihedium, 
a concentrated solution, is diluted with water to the required density. 
The densities of aqueous solutions containing different percentages 
of anhydrous zinc or calcium chloride are as follows : — 


S.G. at I5''C. 

Gm. Zinc 
Chloride per 

100 gm. of 
Solution. 

Gm. Calcium 
Chloride per 

100 gm. of 
Solution. 

1-25 

26 

26 

1*30 

31 

31 

1-35 1 

' 35 

35 

1-40 

.39 

40 

1-45 

42 

— 

1-50 

46 

— 

1-55 i 

49 

— 

I -60 

52 

— 

1-65 

55 

— 

170 

58 

— 

174 

60 



For bituminous coc\Js, sufficient information’ will usually be 
obtained by making the density of the final testing liquid i-Go, but 
frequently specific gravities up to 175 or i *80 are employed. For* 
general use, specific gravities of 1-35, 1-40, 1*50 and i-6o are satis- 
factory. If the coal contains m6re than 10 to 12 per cent, of specific 
grajfity 1-40 to i*6o, a further test should be done at i-8o. With 
some anthracites it may be desirable to use still higher specific 
gravities. For specific gravities above i-6o, methyl iodide (S.G. 2*285 
at j[5° f .), methyl bromide (S.G. 1*69 at 15° C.) or bromoform (S.G. 
2*90 at 15° C.) are preferable, bromoform being the cheapest. With 
these liquids, chloroform or benzene may be used as diluent- to 
obtain intermediate specific gravities. Concentrated sulphuric acid 
is occasionally used for specific gravities between 1*70 und 1*84, but 
it cannot be recommended for ordinary use, for, in addition to the 
difficulties of manipulation, the dirt frequently disintegrates rapidly 
and the liquid becomes warm (altering its specific gravity) unless 
the particles are well dried. 

Organic liquids are always preferable to aqueous solutions, for 
the fractions need not be washed to remove trace^ of the solutjpn, 
and drying is accomplished quickly on exposure to the air. Testing 
is completed much more rapidly, and the expensens little greater. 

Quantity of Coal to Use . — If the coal is not divided into ajiumber 
of sizes, the particles greater than ^ifiout ^ hj. should be removed 
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and tested separately. At least 600 gm. of material less than | in. 
should be used to ensure reliable residts. 

Blyth and O’Shea (Trans., Inst. Min. .Eng., 1919, 57, 261), 
suggest a rational basis for the amount taken and recommend that 
enough of each size should be tested to ensure that at least 2,000 
particles are present in each sample. The approximate quantities 
recommended for use with different sizes of coal are as follows : — 


Size (in.). 

Weight. 

• 

Under J 

30 gm. 

itof 

400 „ 

1.. f 

2,000 „ 

I „ I 

3*2 lb. 

I 2 

2 cwt. 

Over 2 

4 » 


To simplify calculation, exact weights (e.g., 400 gm.) are some- 
times taken. But this is a mistake. The sample is usually obtained 
by quartering a larger bulk, and the whole of two opposite quarters 
should be used. The use of an exqct weight neutralises many of the 
advantages of careful sampling. 

Method of Conducting Tests . — ^The sample is placed in the liquid 
with the lowest specific gravity (usually 1*35) agitated and allowed to 
settle. The fraction which floats is colSected, washed, if necessary, 
Mried and its air-dry weight determined. The sinkings are placed in 
the liquid of next higher specific gravity (1*40), separated as before, 
and the floatings again collected. ’The sinkings are treated in a 
solution of 1-50 specific gravity, and the operation is contiqped 

• until the last separation is effected by the liquid of highest specific 

gravity. The ash content of each fraction should then be 
determined. • 

The sample for testing should be roughly air-dried, so tnat the 
free moisture is removed. Otherwise the specific gravity of an 
aqueous solution may vary after being used several times, and, if 

• organic liquids are used, the* water complicates the separation by 
introducing surface tensional'effects, and it also dirties the liquid. 

Coals which are fairly moist when, mined (some American coals, 
for example) Should, however, be tested in the same condition as 
when mined, and they may be saturated with water by boiling or 
by standing in water overnight. An aqueous solution of calcium or 
ziqp chloride shopld then be employed, and its specific gravity ^ould 
be checked frequently. 

When aqueou? solutions are used? it is preferable to agitate small 
coal with the liquid for a definite period of time, and the time 
allowed for settling Should alsd be fixed^ Five minutes’ agitation 
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and two minutes* ^’tiling is satisfactory for most coals, but shorty 
pcfriodis usually sufficient. Some coals slowly absorb water, and 
thw specific gravities are thereby increased. Consequently, if too 
long a time is allowed* some of the floatable material may con- 
verted into sinkings. If, on the other hand, too short a time of 
agitation is allowed, the smallest particles may not be completely 
freed from bubbles of air, and material that should sink may be 
floated. 

Various forms of apparatus hjave been suggested for float and 
^ink tests, but a beaker and spoon are all that are usually required. 
Particles above i in. may be tested three or four at a time, the floats 
being removed and the sinks being allowed to collect at the bottom 
.of thfe vessel and removed periodically. Particles under i in. may be 
‘tested a handful at a time. Particles less than J in. in size should be 
agitated for the stated* period, the floats from one handful being 
removed before the next handful is added. 

With small particles, the layers of floats and sinks usually retain 
some particles which should properly pass into the other layer, but 
which remain mechanically entangled with the floats or with the 
sinks. When the layers have separated, therefore, the floats should 
be stirred with a spoon or rod to allow heavy particles entrapped to 
be released. The floating layer may then be removed with a spoon. 
When the layer has been removed almost completely, the sinking 
particles should be stirred to allow light particles to escape. The 
remaining floats may then be removed, and the sink may be collected 
by filtering. ^ 

Coal has two specific gravities, one a true and the other an 
apparent ** specific gravity. The true specific gravity is that ofi' 

• 

Table 25. — Effect of Air-drying on Apparent’ Specific 
Gravity of some American Coals 


Coal. 

Coal as Mined. 

Air-dried Coal. 

Authority. 

• 

S.G. 

Per cent. 
Moisture. 

S.G. 

• 

Per cent. 
Moisture. 

A . . 

1*30 

13-9 

123 

67 

McMillan and Bird"* 


1-30 

i 6-5 

1-23 

10*3 


C . 

132 

22-3 

1*29 

10*0 


D . 

1-29 

297 

1*23 

9-8 

tt 

E . 

1-35 

4-5 

1-33 

0-9 

tt 

F . 

1-30 

— 

I-I 2 

— ' 

I^ebelf 

G . 

1-30 

— 

1*20 

— 

f » 



• 1 



• 


• Bull, 28, University of Washington flngineering Expt. Station.* 
f Bull, 89, University of Illinois. ^ • 
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thfe coal substance freed from air and moisture and is of little 
value for a study of coal-cleaning; the apparent specific gravUy 
includes the air and moisture in the coal niaterial, and is the one 
operative in float and sink testing. The apparent specific gravity 
may be calculated from the formula : — 

Wa 

in which Wa = its weight in air .and Wze; = its weight in water. 

The apparent specific gravity of .a number of American coals 
before air-drying and after air-drying is recorded in Table 25. • 

It may be seen that the elimination of moisture does not decrease • 
the specific gravity at all proportionately, but does invariably cause 
some decrease. 

It may be noted in passing that the effect of air drying on the 
apparent specific gravity ^of coals is of more importance * with 
American coals than with British coals, because American coals 
usually have a much higher moisture content. Thus in South Wales, 
Yorkshire and Durham, from which coalfields over half of the 
yearly British coal output is mined, it is rare to find a coal con- 
taining more than 3 per cent, of moisture, and for coal from these 
fields the effect of air-drying on the apparent specific gravity would 
consequently be almost negligible# 

General Considerations . — The approximate specific gravities of 
the materials foqnd in raw coal are given in Table 26. 


Table 26; — Specific Gravities of Materials 

OCCURRING IN- RaW CoAL 
Substance. Specific Gravity. 


Bituminous coal . 

. I -12 to 1-35 

Middlings . 

• 1-35 

M 1-6 

Carbonaceous shale 

. 1-6 

„ 2-2 

Shale . 

. 2-0 

„ 2-6 

Clay . 

. 1-8 

„ 2-2 

Pyrites 

. 4-8 

.. 5-2 

Sandstone . • . 

. 2-2 

„ 2-6 

Quartz . • . 

2-5 

„ 27 

Mica . 

. 27 

,, 2 - 4 ) 

Ankerites 

•• 2-5 

27 


Middlings ” are particles which consist partly of coal and 
partly of dirt. Usually the coal and dirt occur in layers, and 
may be separated mechanically. Their specific gravity varies 
according to the -proportions of coal and dirt, but it is seldom 
profitabje intentionally to recover with the clean coal any of the 
middlings with a higher specific^ gravity than i*6o. In America, the 
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term bone " coal is used to designate a dull hard portion ot the 
.coal which has a much higher ash content and a higher specific 
gravity than the adjacent bright coal. Thus the " bone " coal of 
• the Upper Freeport bed, Pennsylvania, has a specific gravity vary- 
ing from 1-40 to I *60, whilst the ash content is, on the average, 
about 30 per cent. (Yancey, Bull. i6, Carnegie Inst, of Tech., 1924). 
Bone cqal of Pacific North West coals, varies in specific gravity 
from 1-35 to 170, with an ash content of from about 18 to about 
40 per cent. (MacMillan and Bird, Ipc. cit.). 

• The dull hard portion — durain — of British bituminous coals 
does not contain as much ash as American bone ” coals. In 
Table 27 the ash contents and specific gravities of a few British 
(Jurairis are recorded. 


• • Table 27. — Ash Contents and Specific Gravities 
OF British DuR^flNs 


Scam. i 

Ash 

per cent. 

Specific 

Gravity. 

Authority. 

Hamstead (Warwick.) . 

• 

3*6 

1*39 

Tideswell and 
Wheeler 

Top Hard (Notts.) 

7-8 

1 

1-47 

Baranov and 
Francis 

Parkgate — A (S. Yorks.) ^ . 

2*0 

i-28-i-3i 

— 

B ( „ ) . 

: 3*6 

1-3I-1-33 

— 

Eckington (Derby.) 

2*1 

I-3I 

Greenwood < 

Arley (Lancs.) . . . . 

‘ 4-5 

— 

Simpkin 

Wigan 4 ft. (Lancs.) . . ». 

1*3 

— 

Wigan 5 ft. (Lancs.) 

• 

11*8 


• 


The apparent specific gravity of a coal varies with the degree of 
humidity of the coal and to some extent with the size of the coal*; 
the larger the coal, the lower, in general, is its apparent specific 
gravity. A lump of coal may, on the other hand, enclose a body of 
mineral matter, and although its specific gravity fall^well within 
the limits for coal, it may actually be a very impure sample. Thus 
a block of coal of ^ecific gravity 1*35 may consist of 88 per cent, of 
coal of specific gravity 1-25 and 12 per cent, of sh^^le of specific 
gravity 2-15. 

The Use of Float and Sink Tests. — In coaheleaning practice, 
float and sink tests are utilised for the examination of the waSh- 
ability of a coal and for the control of coal-washing plants. Their 
utilisation for control testing is described at length in Chapter^ XXX, 
and the present description may, therefore, be» confined to their use 
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in the prdiminary examination of the coal to ^termine its waging 
characteristics. 

In the preliminary examination, float and sink tests serve three 
purposes, namely : — 

1 . To suggest the type of cleaning process most suitable for the coal. 

2. To decide the nature of the products that can most suitably 
be prepared from the coal. 

3. To interpret the results of practical washing tests, and to 
indicate the type of washer which will give the most profitable 
results. 

The third purpose, to indicate the most suitable type of washer, 
is related to the first, to suggest the best type of process, but' the 
two are not identical. Float and sink tests may, for example, 
suggest that a process dependent solely on density differences, is 
better for a certain coal than a froth-flotation process, thus fulfilling 
the first purpose. Subsequently, float and sink tests may be applied 
to the products obtained in two different gravity " processes, and 
thus indicate which of the two enables the greater recovery of clean 
coal to be accomplished. 

I. The Choice of Washing Process *. — ^The division of the coal hito 
fractions, each of which contains particles similar in many respects, 
enables visual examination of the coal to be made more easily. Thus 
the presence of flat shale particles, which are difficult to remove in 
cleaning by certain processes, may be detected, and the middlings 
fraction may be examined for the presence of intergrown particles 
from which coal' could be liberated by crushing. 

To demonstrate the use of float and sink tests in the examination 
for coal, it is convenient to give the results of examination of certain 
coals and to indicate the conclusions drawn therefrom. 

The results of float and sink tests on a Yorkshire slack coal 
.are given in Table 28, the dust below i mm. in size being excluded. 

Table 28 — Float and Sink Results, Yorkshire Coal 


Weights Expressed as Per Cent, of Total Sample ^ 


Size. 

Per 

cent^o/ 

Total. 

Per 
cent. 
Ash in 
Frac- 
tion. 

S.G.<i- 35 . 

S.(i. i- 35 -i' 4 - 

S.G. i'4-i’5. 

S.G. I -5-1 '6. 

S.G.>i-6. 

Wt. 

per 

cent. 

Per 

rent. 

Ash. 

Wt. 

per 

cent. 

Per 

cent. 

Ash. 

Wt. 

per 

cent. 

Per 

cent. 

I Ash. 

Wt. 

per 

cent. 

Per 

cent. 

Ash. 

Wt. 

per 

cent. 

Per 

cent. 

Ash. 

> t in. . 

470 

8-8 

412 

1-5 

0-6 

12*6 

Nil. 



Nil. 



5*2 

66*4 

l-iin. • 

306 

17-4 

24-2 

1-8 

0-3 

lO-O 

03 

i6*4 

Nil. 

— 

5*9 

82-0 

Jin.-imm. 

22*3 

22*2 

15-6 

1-4 

0*5 

10*0 

0-2 

15*7 

. 

0*1 

20*1 

5*9 

790 

f 

Total 

lOO-O 

0 

14-4 

1 1 . 

8i-o 

1-6 

1-4 

10*7 1 

‘ 1 

0*5 

i6-i 

0*1 

20-1 

17*0 

76*2 


• Fo»- a full comparison beti^en coal-washing processes, see Chapman and 
Wheeler, J. Soc. Chem. Irid., 1927, 4O, 229T. 
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From these resulis it is evident that only 2-0 pet cent. of*th’e 
.coal ha.s a specific gravity between i'35 and 1*6. The sinks at 
1’6'contam 76’2 per cent, of ash, and therefore consist of a heavy 
• material, probably almost a pure shale, which could easily be 
separated from the light coal and the middlings. The coal is 
therefore an easy one to wash, and a simple washer, with a 
high capacity and small operating space (e.g., Baum) would be 
suitable. 

In Table 29 the results for a Westphalian coal are given. 


Table 29. — Float and Sink Results, Westphalian Coal 


S.G. 

• • 

Per,ccnt of 
Total 
Sample. 

• 

Ash per 
cent, in 
, Fractioi^ 

Cumulative. 

Wt. per cent. 

Ash per cent. 

<1-3 

43-5 

2*0 

43-5 

2*0 

• I -3-1 -4 

9-5 

9-8 

53-0 

3-4 

I -4-1 -5 

14-5 

20-0 

67-5 

6-9 

1'5 -i -6 

lO-O 

31-8 

77-5 

10*1 

1-6-17 

57 

• 40'5 

83-2 

12-2 

1 -7-2-2 

8-8 

54-0 

92-0 

i 6-2 

>2-2 

8-0 

• 

65-5 

100-0 

20*1 


This is obviously a difficult coal to wash. Nearly 25 per cent, 
of it has a specific gravity betwee* 1-4 and i-fi, and there is a gradual 
transition from coal, with the lowest specific gravity, to middlings . 
and to dirt, with a specific gravity greater than i-G or 1-7. In 
order to wash it successfully a process must be used which is able 
to give a sharp differentiation between particles differing little in 
specific gravity and, preferably, one capable of yielding a variety 
of products. In operation the middlings fraction would be crushed 
and rewashed, and the process must therefore be able to deal 
efficiently with small particles. Probsbly the Rheolaveur would 
be the most suitable. 

■ Float and sink*results indicate the extent of the benefit to be 
derived from crushing the raw coal or by collecting a separate 
middlings fraction, crushing it and rewashing. For this purpose 
float and sink results are performed on the raw material and on 
the crushed material. These results discover the amount of “ coal ” 
and " shale ” freed from interstratified particles by crashing. * 
Draper {Proc., S. Wales Insti of Eng., 1919, 35, 21) records a 
case in which lump coal containing 16-4 per cent, of ash refluired 
to be crashed to pass through a J in. s«ihen before any improvement 

C.C * 
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. ' The coking coal produced, containing 7-86 per cent, of ash a,nd 
1*03 per cent, of sulphur, may be a satisfactory quality pi .coking 
coal, but the yield is low, nearly 20 per cent- of the raw coal being 
rejected. To overcome this loss, the third method (c) of preparing 
the coal may be employed. Instead of aiming exclusively at a 
coking coal, two products may be obtained — one, a good quality 
coking coal ; and the other a coal suitable for use as a ste^m coal 
or a coal for other purposes. 

If, for example, that portion of fraction A which floats on a 
liquid of 1*34 S.G. is recovered as a CQking coal, the refuse obtained’, 
that portion sinking in a liquid of 1-34 S.G., may be rewashed and the 
1*425 float be recovered as steam or domestic coal. Fraction B 
may then be added either to tjie coking coal or to the washed lefusCj 
In these circumstances the possible operating results are shown in 
Tables 36 and 37. In Table 36 fraction B is added to the coking 
coal ; in Table 37 it is ad^ed to the steam coal. 


Table 36. — ^Washing Chart for Coking Coal and 
Steam Coal. Method (c) 



Weight 
per cent. 

Ash 

Sulphur 

• 

of Total 
Sample. 

per cent. 

per cent. 

Coking Coal — • 

• 



Fraction A, floating at 1*34 . 

48-66 

5-50 

0-97 

Fraction B, raw coal (— in.) 

i8-79 

8-10 

1-28 

• 

Resultant' coking coal .... 
Steam coal — 

67-45 

6-23 

i-o6 

0 

Fraction A, float at 1-425, sink at 1*34 . 

25-14 

15-80 

1-03 

Refuse 

7-41 

42-75 

4-16 

Original coal 

100-00 

i 11-34 

• • 

1-28 

Total yield 

92 6 per cent. 


In both these cases the amount of coal recovered is 92*6 per cent, 
of the raw coal. In the first case the coking coal amounts to 67*45 
per cent., co’ntaining 6*23 per cent, of ash and 1*06 per cent, of 
sulphur, and the steam coal amounts to 25*14 per cent., containing 
15*8 per cent, of ash and 1*03 per cent, of sulphur. 

• In the secopd case the coking coal amounts to 48*66 per cent., 
but the quality is improved, the ash content being 5*50 per cent! 
and the sulphur* content 0*975 pel* cent. The yield of steam coai 
is increased to 43*93 per cent and its ash and sulphur contents are 
12*25 and i*ii respectively. ' 
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Table 37. — ^Washing Chart of Coking Coat, and . ‘ . 
Steam Coal. Method (c) 



Weight 
per cent, 
of Total 
Sample. 

Ash 

per cent. 

Sulphur 
per cent. 

Coking coal — 

• Fraction A, floating at 1-34 . ^ 

Ste^m coal — 

48-66 

5-50 

0-97 

Fraction A, float at 1*425, sink at 1-34 . 

2514 

15-80 

1-03 

Fraction B, raw coal ( -- in.) 

i8-79 

8-10 

1-28 

Resultant steam coal . 

43-93 

12-25 

i-ii 

Refuse 

• • 

7-41 

42-75 

4-16 

• 

Original coal 

100*00 

11-34 

1-28 

Total yield 

92*6 per cent. 


The fourth possible way of operating the plant {d), by means of 
which the quality of the steam coal can be improved, is to recover 
as coking coal the portion of fraction A floating in a liquid of S.G. 
I-34 ; rewash the refuse so as to recover the coal floating in a liquid 
of S.G. 1-38, screen the refuse from this operation through a | in. 
mesh, crush and rewash.. It may be seen from Table 32 that the 
bulk of the 1-38 to 1-425 floart (t 2-84 per cent.) is larger than | in. 
size, only a small proportion (1-84 per cent.) being smaller than | in. * 
Further, of the 1-425 sink (amounting to 9-13 per cent, of the total), 
6-11 per cent, is over J in. and dhly 3-02 per cent, is less than J in. 
in Si^e. Consequently, the plant may be operated to recover only, 
the portion of the raw coal floating in a liquid of 1-38 S.G., the 
refuse may be screened through a J in. screen, and that portion 
renjaining on the screen may be crushed and rewashed, thus improv- 
ing the yield. When this was tried experimentally, it was found 
that by crushing and rewashing the refuse greater than | in. in size 
an additional recovery of 5-44 per cent, of the raw coal was made 
possible. The operating results in thes'h circumstances are shown in 
Table 38. 

The coking coal obtained by this method consists of 48-66 per 
cent, of the feed with 5-5 per cent, of ash and 0-9/ per cent, of 
sulphur ; 37-44 per cent, is recovered as steam coal with 10-87 per 
cent, of ash and i-ii per cent, of sulphur. 

The precise object to be achieved by the operatoj of the washyig 
plant must be decided to a large extent by local conditions. If 
there is a good demand for cok^and a poor demand for steam coal, 
either of the first two schemes would be preferable. If, however, 
there were a poor market for coke artd* a fair lA^rket for steam coal. 
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* Table '38.— Washing Chart for Coking Coal and 
Steam Coal. Method {d) 



Weight 
per cent, 
of Total 
Sample. 

Ash per 
cent. 

Sulphur 
per cent. 

Coking coal — 

Fraction A, clean coal, 48-66 per c^nt. 



• 

floating in 1-34 .... 

Steam coal — 

48-66 

5 - 5 <> 

0-97 

Fraction B, raw coal (— in.) 

Fraction A, float in 1-38, sinTc in 1-34 4 

18-79 

8-10 

1-28 . 

refuse recovery (13*21 + 5 44) . 

.18-65 

1377 

0-95 

Resultant steam coal . 

37*44 

10-87 

• • 

I'll 

Refuse ....... 

13-90 

32-87 

2-798 

Original coal ...... 

100-00 

1 11-34 

1-28 

Total yield 

86*1 per cent. 


one or the other of the second twQ schemes would be more profitable, 
especially since the coke produced under these schemes would be of 
high quality and would therefore be readily marketable. 

In England it is not usual to collect several qualities of washed 
coal, but with a coal high in middlfngs the collection of a high 
“ quality coal and a second quality coal for boiler use is worthy of 
consideration. 

3. Interpretation of the Results df Practical Coal~clea 7 iing Tests . — 
•If the examination of a coal prior to washing includes large «cale 
tests on representative samples of the coal, the relative merits of 
several processes can be judged by float and sink tests on the products 
of washing. In all commercial processes, other than |lotaiion 
processes, the raw coal is divided into fractions according to specific 
gravity. Thus, the washer may be adjusted to separate the raw 
coal into clean coal with a specific gravity less than, say, 1-5, and 
refuse with a specific gravit/ greater than 1-5. Actually the washer 
is set to produce coal with a certain maximum ash content, say, 
5 per cent., and it is known that if all the particles of S.G. < 1-5 
arc included* in the clean coal the ash edntent will be 5 per cent. 
The loss of particles of S.G. < 1-5 in the refuse reduces the yield 
of clean coal, and the presence of particles of S.G. > 1-5 in the 
c\fan coal increases its ash content. 

If the washer is set to effect a separation at a specific gravity of 
I * 5 , the clean cdal and refuse produced in a washing test may be 
submitted to float and sinkjtests in a liquid of S.G. 1-5. The dirt 
not removed from jHie clean ‘'coal is recorded as ‘'sinks in clean 
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coal/' and the loss of useful coal as '' floats in refuse." Any washer 
-making- a. sharp differentiation at any given specific gravity can 
usually make an equally sharp separation at some other specific* 
• gravity. Although two washers may not have been set to make a 
separation at the same specific gravity, to compare the results of 
washing by the two processes, it is satisfactory to add together the 
figures for “ sinks in clean coal " and " floats in refuse." The 
process by which this sum is a minimum may be regarded as the 
more efficient. 

The proper interpretation of the float and sink analysis of the 
products of a coal-cleaning test enables an estimate to be formed 
of the. amount of disintegration of the coal experienced in practice. 
The mechanical fracture of " pure "* coal when subjected to a 
cleaning process increases the number of small particles and, under 
present conditions, decreases its market value. On the other hand, 
the disintegration of interstratified particles liberates coal and shale 
from the middlings, and therefore increases the yield of the market- 
able products. 

In the ordinary way the results of float and sink tests on a 
sample of washed coal are recorded so that each fraction may be 
expressed as a percentage of the total sample of washed coal. A 
series of results, so recorded, is given in Table 39. 


Table 39. — Float and Sink Results on Washed Coal 


Size (in.). 





Specific Gravity. 





< 

1‘3 

i’3- 

- 14 

1*4 

- 1 * 5 . 

1*5 

- x'6 

> 1-6. 



Wt. 

Ash 

Wt. 

Ash 

\^t. 

Ash 

wt. 

Ash 

Wt. 

Ash 

Total 


per 

per 

per 

per 

per 

per 

per 

per 

per 

.per 

Wt. 


cent. 

cent. 

cent 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

per cent. 

Over if 

20-2 

2-9 

10-5 

7.8 

50 

12-8 

2*0 

256 

1*2 

45-2 

389 

Jf-i . 

14'8 

2-8 

8-2 

7.8 

50 

i6*8 

0-5 

21-8 

1-5 

411 

30-0 

i-f , • 

2-7 

3-4 

1-0 

91 

0-4 

15-6 

0*2 

250 

- 

— 

4-3 

f-i • * . 

1-2 

1-8 

0-9 

8-8 

0-3 

i6-5 

0*1 

25-2 

0-2 

42*7 

2-7 

i-i 

8-7 

2-2 

3-0 

12*0 

1*4 

i8-5 

0-7 

275 

1-8 

54-0 

15-8 

i-o 

1 5-6 

2-3 

14 

7*4 

0*3 

150 

0-2 

24*7 

0*8 

6i-8 

8-3 

Total 

53-4 

2-6 

24-8 

8-0 

12-4 

14-9 

3*9 

25*1 j 

5-5 

,480 

100*0 


Similarly, the Results of the examination of the refuse may be 
recorded, so that each fraction is expressed as a percentage of the 
total sample of refuse. If the weights of the washed coal and refuse 
are known, their relative proportions may be calculated. If the 
proportions are : washed coal w, refuse i ~ w, the washed coal will 
constitute n of the raw coal and the refuse i — w of the raw coal. 
If each of the individual percentage weights of the washed coal in 
Table 39 be multiplied by n, the weights of each fraction of the 
washed coal are expressed as a percefitage of the raw coal. Thus, 
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* Table* 38,-^WASHiNG Chart for Coking Coal and 
^ Steam Coal. Method {d) . * 



Weight 
per cent, 
of Total 
Sample. 

Ash per 
cent. 

Sulphur 
per cent. 

Coking coal — 



• 

Fraction A, clean coal, 48-66 per c/^nt. 




floating in 1-34 .... 

Steam coal — 

48-66 

5-50 

0-97 

• 

Fraction B, raw coal (— in.) 

1879 

8-10 

1-28 . 

Fraction A, float in 1-38, sink in 1*34 + 




refuse recovery (13*21 5*44) . 

.i8-65 

13-77 

0-95 

Resultant steam coal . 

37-44 

10-87 

• • 

I-II 

Refuse ....... 

13-90 

32-87 

2-798 

Original coal ...... 

100-00 

11-34 

1-28 

Total yield 

86-1 per cent. 


one or the other of the second twq schemes would be more profitable, 
^especially since the coke produced under these schemes would be of 
high quality and would therefore be readily marketable. 

In England it is not usual to collect several qualities of washed 
coal, but with a coal high in middlmgs the collection of a high 
^ quality coal and a second quality coal for boiler use is worthy of 
consideration. 

3. InteKpretaiion of the Results df Practical Coal-cleaning Tests , — 
•If the examination of a coal prior to washing includes large ijcale 
tests on representative samples of the coal, the relative meriis of 
several processes can be judged by float and sink tests on the products 
of washing. In all commercial processes, other than /lotalion 
processes, the raw coal is divided into fractions according to specific 
gravity. Thus, the washer may be adjusted to separate the raw 
coal into clean coal with a specific gravity less than, say, 1-5, and 
refuse with a specific gravit>^ greater than 1-5. Actually the washer 
is set to produce coal with a certain maximum ash content, say, 
5 per cent., and it is known that if all the particles of S.G. < 1-5 
are included" in the clean coal the ash content will be 5 per cent. 
Thu loss of particles of S.G. < 1-5 in the refuse reduces the yield 
of clean coal, and the presence of particles of S.G. > 1*5 in the 
c|fan coal increases its ash content. 

If the washer is set to effect a separation at a specific gravity of 
i*5; the clean cdal and refuse produced in a washing test may be 
submitted to float and sink^tests in a liquid of S.G. i‘5. The dirt 
not removed from J!he clean ^coal is recorded as sinks in clean 
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coal/' and the loss oftisefnl coal as '' floats in refuse/' Any washer 
•making* a. sharp differentiation at any given specific gravity can 
usually make an equally sharp separation at some o^er specific, 
gravity. Although two washers may not have been set to make a 
separation at the same specific gravity, to compare the results of 
washing by the two processes, it is satisfactory to add together the 
figures for sinks in clean coal " and " floats in refuse." TTie 
process by which this sum is a minimum may be regarded as the 
more efficient. 

The proper interpretation of the float and sink analysis of the 
products of a coal-cleaning test enables an estimate to be formed 
of the. amount of disintegration of the coal experienced in practice. 
The mechanical fracture of " pure coal when subjected to a 
cleaning process increases the number of small particles and, under 
present conditions, decreases its market value. On the other hand, 
the disintegration of interstratified particles liberates coal and shale 
from the middlings, and therefore increases the yield of the market- 
able products. 

In the ordinary way the results of float and sink tests on a 
sample of washed coal are recorded so that each fraction may be 
expressed as a percentage of the total sample of washed coal. A 
series of results, so recorded, is given in Table 39. 


Table 39. — Float and Sink Results on Washed Coal 


Size (m ). 

< 

i' 3 - 

% 

13 - 

# 

- I 

Specific G 

*’4 ' 1*5. 

- ! 1 

- 1'6 

> 

1 - 6 . 

r- 


wt. 

Ash 

wt. 

Ash 


Ash 

wt. 

Ash 

wt. 

Ash 

Total 


per 

per 

per 

per 

per 

per 

per 

per 

per 

•per 

Wt. 


cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

per cent. 

Over if 

20-2 

2-9 

10-5 

7-8 

50 

12-8 

2-0 

25-6 

1-2 

45-2 

38-9 

i}-i . 

14-8 

2-8 

8-2 

7-8 

50 

i6-8 

0*5 

21-8 

1-5 

411 

30-0 

, • 

2-7 

3-4 

I-O 

91 

0-4 

15-6 

0-2 

25-0 

- 

— 

4-3 

i-i • 

1*2 

1-8 

0-9 

8-8 

0-3 

i6-5 

o-i 

25*2 

0-2 

42-7 

2-7 • 

i-i 

8.7 

2-2 

3.0 

12-0 

1*4 

18.5 

0-7 

275 

1-8 

54*0 

15-8 

i-O 

5-6 

2-3 

1*4 

7*4 

0-3 

150 

0-2 

24-7 

0-8 

6i-8 

8-3 

Total 

53*4 

2-6 

24-8 

8-0 

jI 2-4 

14® 

3-9 

25-1 

i”.. 

,480 

100-0 


Similarly, the fesults of the examination of the refuse may be 
recorded, so that each fraction is expressed as a percentage of the 
total sample of refuse. If the weights of the washed coal and refuse 
are known, their relative proportions may be calculated. If the 
proportions are : washed coal w, refuse i — w, the v6.shed coal vhU 
constitute n of the raw coal and the refuse i — w of the raw coal. 
If each of the individual percen 1 :age weights of th*e washed coal in 
Table 39 be multiplied by n, the weights of each fraction 'of the 
washed coal are expressed ^s a percentage of the raw coal. Thus, 

% t 
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jb the test in which the figures in Table 39 were obtained n = 0-8^ 
and 1 — n = o-icB. The percentage of the raw coal greater in. 
size than if in. which passes into the washed coal and floats at 
S.G. 1*3 is 20*2 X 0*892 = i8-o. 

Similarly, the percentage weights of each fraction of the refuse 
may be multiplied by i — » and be expressed as a percentage of the 
raw coal. 

These calculations have been made, and from them it is possible 
to compute a table comparing .the float and sink analyses of the 
raw coal and of a gross sample of, the washery products (washed 
coal + refuse). For the test on this washery the comparison is 
drawn in Table 40. 


« 

Table 40. — Comparison of Raw Coal and Washery 
Products * 

• • 

Weights as PerCent. of Raw Coal and Products. 








Specific Gravity. 



Total. 

Size (in.). 

< 

i'3 

13 

“ 1*4 

1*4 

- 1*5 

1*5 

- 1*6 

> 

1-6 



Raw 

Pro- 

Raw 

Pro- 

Raw 

Pro- 

Raw 

Pro- 

Raw 

Pro- 

Raw Pro- 


Coal. 

ducts. 

Coal. 

ducts. 

Coal. 

ducts. 

Coal. 

ducts. 

Coal. 

ducts. 

Coal, ducts. 

Over 1} 

i8*4 

i8*o 

67 

9-2 

4t8 

4*4 

1-8 

1-8 

7-2 

2-5 

38-9 35-9 

ij-i 

1 64 

13*1 

6*5 

7.2 

2*1 

4*4 

1-2 

0*4 

6-2 

3*8 

32-4 28-9 

r-i 

6‘2 

2-4 

3-8 

0*3 

27 

0*4 

0-6 

0-2 

3*2 

2-2 

16-5 6-0 

H • • 

5.0. 

I*I 

1-6 

0-8 

0*5 

0-3 

0*2 

O-I 

1*3 

1*4 

8-6 3-7 

if • 

1-6 

7:8 

0-3 

2-8 

0-2 

1*3 


0-7 

0-2 

4*4 

2-4 170 

i-O . 

0-6 

5-0 

0-2 

1-3 

o-i 

0 - 5 ^ 

O-I 

0-2 

0-2 

1-7 

1*2 8-5 

Total . 

482 

47-4 

I 9 I 

22*1 

10*4 

ii-i 

4-0 

3*4 

i8-3 

15*9 

lOO-O lOO-O 


From the figures in Table 40 it appears that, of the 38^9 per 
cent, of the raw coal greater than if in. in size, 3*0 per cent, is 
fractured during washing, and 10*5 per cent, of the raw coal betjveen 
i and f in. is broken into smaller sizes. The fracture which results 
causes the products to contain only 19-3 per cent, of material of 
specific gravity greater than 1-5, whereas the raw coal contains 
22*3 per c«it. heavier thafi 1-5. Obviously some of the heaviest 
particles have been broken up into dirt (which is still heavier than 
1*5) and coal which appears amongst the washad coal. Because of 
this disintegration, the washer is recovering more " pure ” coal 
particles than are actually supplied in the raw coal, these additional 
coal particles being concentrated in the fraction of S.G. 1-3 to 1-4. 
(Jlaw coal I9-I per cent., washed coal 22-1 per cent.) 

The fracture of the " pure ” coal particles is indicated by the 
fact that the raw coal contains 48^2 per cent, lighter than S.G. 1*3, 
wherqps the products contain only 47*4 per cent., o-8 per cent, being 
broken during washing. * * 
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In this example thd method of determining the fracture of the 
coal and middlings during cleaning, the amounts of breakage are 
greater than is usually experienced. This is because the washer was 
•arranged to collect a middlings fraction, which was crushed and 
returned for rewashing, but the example is given to illustrate the 
method and not as an instance of the amount of fracture that is 
usually encountered. With a friable coal, however, cleaned by a 
process in which there is a considerable mechanical stress on the 
particles, similar amounts of breakage may be experienced, but the 
frkcture would be sustained by, the lighter particles rather than by 
the heavier particles (as in this example). 

If the results of screening tests on the raw coal, the washed coal, 
and the refuse were combined to compare the size distribution of 
tfie particles in the raw coal and in the washery products, the in- 
formation obtained indicates the amount of fracture which has 
occurred, but it does not indics^jte whether the fracture has been 
sustained by the light coal particles, by the middlings particles, or 
by the dirt. No information is therefore obtained with regard to 
the decreased market value of the coal because of fracture of light 
particles, the increased yield because of fracture of the middlings, 
or the extent of the disintegration of the shale. 

Washability Curves , — ^When the float and sink analysis of a coal 
has been performed, the results m^y be plotted graphically. They 
are then easier to understand, and are more instructive than when 
presented in tabular form. 

The summarised float ^and sink analysis of a Yorkshire coal is 
given in Table 41. The obsef’ved values for percentages by weight 
and percentage ash contents aie given in the first two columns, and 
in the last two columns the results are expressed on a cumulative 
basis. • 


Table 41. — Float and Sink Analysis. Yorkshire Coal 


* S.G. 

Weight 
per cent. 

Ash 

per cent. 

Cumulative 
Weight 
per cent. 

Cumulative 

Ash 

per cent. 

< 1-35 

. - 

47-3 

54 

47-3 

5-4 

1-35 to 1-40 . 

12-5 

9-3 

59-8 

6-2 

1-40 „ 1-50 . • 

5-4 

13-9 

65-2 

6-9 

1-50 „ i-6o . 

27 

21-8 

67-9 • 

7-4 

> i-6o 

32-1 

69-3 

100 -0 

27-3 

1 

1 

Total 

100 -0 

, 273 

' « 

• 

• 


The usual method of constructing *the wasjiability curve is to 

* I • 
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plot the figures in the first two columns on squ^ed paper, ana a 
turve is obtained of weight against ash content. This, is 'done in 
Fig, 2 . The points A, B, C, D and E correspond to the figures in 

Table 41. . v 1 

It will be observed that the point A is placed against the value 
23*65 for the ordinate, or weight, and 5*4 for the abscissa, or ash 
content. In Table 41 the weight floating at a specific gravity of 
1*3 is 47*3 per cent., and the mean ash content of this fraction is 
5*4 per cent. The fraction is comprised of several qualities of coal, 
some lower in ash content than 5-4* per cent., some higher. As 5*4 
is the mean value of the ash content, it may be assumed to corre- 
spond to the actual ash content of the average weight. 

In plotting the curve, therefore, the weight corresponding to 



Fig. 2. — Washability Curve. 

a certain ash content is given as the average position over a given 
;sone. • • 

The position of the point B is found by adding one-half of 12*5 
to 47*3, this weight corresponding to an ash content of 9-3 per cent. 
The points C, D, and E are fixed in a similar manner. 

These fiVe points being &xed in this way, the curve is drawn and 
extrapolated to cut the axes at P and Q ; the point P then corre- 
sponds to those particles of the raw coal contaSning the minimum 
ash content*, and the point Q to those particles of shale with the 
highest ash content. 

It will be observed that, as the curve approaches the axis for 
£^h content, it is made to turn and cut the axis at a value of about 
80. The position of this point Q is arbitrary, but usually it lies 
between about 75 and 85. Similarly, the position of the point P is 
arbitrary, for A, the nearest fixed point, falls some distance from 
the abscissa corresponding t6 zero weight. The position of these 
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]po^1s is, however, 0 / no special value in the uiterpretation of jthe 
curves, . 

The curve P, A, B, C, D, E, Q being constructed and called the 
• ' Observed ” curve, a s^ond curve, P, Aj, Bi, Cj, Dj, Ei, is con- 
structed from the figures in the last two columns of Table 4X. 
This curve is the " floatings ” curve, and the points on it are given 
by the figures of the cumulative weights and ash contents, these 
cumulative values being calculated by compounding the values for 
the fractions prepared in the float and sink tests. It therefore differs 
ffbm the " Observed ” curve in that no averages are introduced for 
the weights of the various fractions, the co-ordinates of the point Aj, 
for example, being 5-4, 47-3, as compared with 5* ** 4, J (47*3) for the 
ppint A. 

A third curve is then constructed*, which may be called the 
“ Sinkings ” curve. This curve, Pj, A^, Bj, Cg, D2, Q, corresponds 
to the •“ Floatings ” curve, but instead of being plotted from the 
fractions of the raw coal which fioat at different specific gravities, 
it is constructed from the fractions which sink. Like the floatings 
curve, it is based on cumulative figures, and relates the weights and 
ash contents of the sinking fractions. 

Consider, for example, the results of testing the raw coal at a 
specific gravity of i'35. At this specific gravity, 47-3 per cent, of 
the raw coal floats and the floating fraction contains, on the average, 
5‘4 per cent, of ash. The portion*of the raw coal that sinks in a 
liquid of S.G. i’35 comprises 527 per cent, of the total, and contains 
all the various fractions which subsequently float in liquids of 
S.G. I "4, I '5 and i-6, and ^nl«it i-6. Its total ash content is there- 
fore the sum of the ash cont’-ibuted by each fraction, divided by 
their total weights (527). The ash content is therefore — 

• 

12-5 X 9-3 -f 5-4 X 13-9 4- 27 X 21-8 + 32-1 x 69-3 ‘ , 

- =46.0. 

The point Ag is therefore fixed by the values 52*7 for weight and 
46*g*foj ash content. 

Similarly the co-ordinates of the point Bg are ; 

Weight, 40*2. 

Ash content, '3;? + ^7 X 2I«8 + 3C:LX_»?:J = 

40*2 

The points Cg and Dg are fixed in a similar way, and the curve 
is drawn through these points and through the point Q on the 

Observed curve.* The uppermost point of the “ Sinkings 
curve corresponds to the use of a solution in which all the raw coal 

* Generally, it is easier to fix the true position of the point Q from the " Sinkings ” 
curve than from the Observed curve, and the position of the final point on the 

** Observed curve is therefore usually left until the “ Sinkings ” curve Ifw been 
constructed. \ * • 
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.sinks (in the same way that the point E^ corresponds to the use of a 
solution in which all the raw coal floats). In these circumstances 
the ash content of the sinkings fraction is .equal to that of the raw 
coal (27*3 per cent.), and the point Pi therefore falls on the same* 
ordinate as the point Ej. 

These three curves constitute the washability curves of the raw 
coal, and they are of the utmost importance in the examination of a 
coal for cleaning. From them one may tell at a glance the yield and 
nature of the products that can .be obtained from the coal. ^ 

The “ Floatings ** curve is a cumulative curve, and the co-ordinates 
of any point upon it indicate the maximum theoretical yield of clean 
coal with a given ash content. Thus, if an ash content of lO per 
cent, in the cleaned coal is^ satisfactory, the theoretical maximum 
yield of clean coal is shown, *by the curve, to be 73 per cent. If it is 
desired to produce a clean coal with an aSh content of 5 per cent., 
the maximum yield is on^y 42 peri:ent. 

The “ Sinkings ” curve enables the theoretical ash content of 
the refuse to be determined with any given percentage recovery of 
the raw coal. Thus if the clean coal contains 10 per cent, of ash, at 
least 25 per cent, of the raw coal must be rejected as refuse, and it 
is impossible to obtain a refuse with a higher ash content than 74 
per cent. Similarly, when the clean coal contains 5 per cent, of ash, 
the theoretical minimum yield ot refuse is 58 per cent., with a maxi- 
mum ash content of 45 per cent. 

The coal fof which the washability curves have been drawn, in 
Fig. 2 is one containing a higher proportion of middlings (S.G. 1-35 
to I^ 6 ) than is commonly found in ^British coals. Usually about 
60 to 90 per cent, of the raw coal floats at a specific gravity of 1*35, 
and the points from which the curve must be constructed are then 
grouped more closely together than is the case in the example con- 
* sidered. In these circumstances it is necessary to do float anck sink 
tests at a wider range of specific gravities than 1*35 to 1*60, and 
specific gravities of 1*25, 1*3 are frequently employed in order to 
determine the co-ordinates of a larger number of points oi\ the«first 
portion of the curve. If, on the other hand, the coal contains a 
considerable proportion of material of higher specific gravity than 
1*6 it may be advisable to do further tests in liquids of S.G. 1*7, i-8, 
2*0 or 2-2. • * 

This is frequently necessary with continental coals and with 
anthracites. ^ With this complete rangp of speAfic gravities it is 
not difficult* to draw the curves accurately for the whole of their 
lengths. 

It will be noticed that the “ Observed curve is drawn out 
towards the right after an ash content of 10 per cent, has been 
reached. This portion of the curve is usually of less importance 
than the portion representing ash contents below 10 per cent., and 
to magnify the scale in this^ore important portion, and to reduce 
the scale in the less important^ortion abpve an ash content of 10 per 
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cent., the curves ate often plotted in l<^[arithmic paper. Tho. 
QT^nate? (weights) are usually maintained on a metric scale, only 
the ash contents being treated logarithmically. 

• The construction of washability curve in the customary manner 
has been described, but the usual form might with advantage be 
modified. There is little advantage (if any) in including the 
" Observed ” curve, though its insertion appears to be the accepted 
rule. The " Observed ” curve is inaccurate, for the exact value of 
the abscissa (weight) is arbitrary * jand the curve yields no iiseful 
information. The “ Floatings and “ Sinkings " curves are con- 
structed from the float and sink results. They can be made accurate, 
*^and all the information required is supplied by them. It is true that 
there afe methods of constructing the " Floatings ” and “ Sinkings ” 
cu'rves froA the “ Observed ” curve, but the curves so constructed 
are liable to considerable errors, and the method offers no advantage 
over the method of calculation frqm the results of the float and sink 
tests. Moreover, only a small portion of the “Floatings” and 
“ Sinkings ” curves are usually required for use in connection with 
the examination of the coal. Under existing conditions, it is difficult 
to conceive of any purpose being fulfilled by washing the coal so 
that the yield is only 10 or 20 per cent. Seldom are those portions 
of the curves used which refer to yields of under 40 per cent, of the 
raw coal, and in these circumstances the upper four-tenths of the 
curves become useless. As has been stated, the majority of British 
coals contain over 60 per cent, of material floating at a specific 
gravity of i'35, and only ^Jie lower four-tenths of the curves then 
serve any useful purpose. • I 

If the curves are constructed so that only their useful portion is 
shown it is possible to employ a larger scale without increasing the 
area over which the lines are spread, and greater accuracy of con- 
struction and of reading are made possible. 

The Henry Tube Method. — The construction of washability 
curves to.determine the washability of a coal was first suggested by. 
Charvet {Bull., Soc. de ITnd. Min., 2, 1903). The introduction of 
the Henry tube enabled washability curves to be constructed more 
easily than had previously been possible. The difficulty of obtaining 
accurate results with it, however, has led to its abandonment in 
many cases, and, on account of their greater reliability, float and 
sink tests are now adopted almost universally for the purpose. 

The Henry apparatus consists of a tube 4 in. in diameter and 
about 2 ft. long. At the lower end of the tube a perforated metal plate 
is supported by piston rings. About 500 gm. of the coal are placed 
in the tube, being retained by the perforated plate. The coal sample 
tested should be freed from dust before placing it in the tube. The 

♦ It will be remembered that the points are fi>ed by the mean ash content of 
given fractions and half their weiehts, as an ai%>roximatioft^ 
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losgj of dust through the perforated plate introduces an error, and 
the dust behaves irregularly, and its presence may interfere with the 
accurate interpretation of the results. The tube is immersed in 
water and moved rapidly up and down at least 50 or 100 times* 
During each downward stroke water passes through the perforated 
plate and agitates the coal contained in the tube. On the upward 
stroke the water drains away. The denser particles gradually 
accumulate at the bottom of the tube and a segregation according 
to density takes place. 

When the agitation has been continued for a sufficient time, the 
particles are allowed to settle. The settled mass is then pushed up 
to the upper end of the tube on the perforated plate and is divided 
into sections by means of a knife. Each section is then dried, 
weighed and its ash content determined. 

The top layer consists of the cleanest and lightest material, and 
each layer progressively downwards is more impure and heavier 
than the layer above it.^ For this reason it is necessary to cut the 
separated product into a relatively large number of layers (say, 10 or 
12) each sufficiently thin to be properly representative. When each 
layer has been weighed, and its ash content determined, the results 
are used for the construction of washability curves. For this pur- 
pose, each layer may be regarded as a “ float fraction obtained by 
float and sink tests, and the results are employed in exactly the same 
way as the results of float and sink tests. 

Separation by density, such as is effected by raising and lowering 
a Henry tube in water, is not exactly analogous to the separation 
effected during the operation of a jig or other washer. In using the 
I Henry tube for the control of a jig it is therefore often preferable to 
place the tube at the bottom of the washing-box actually in use, and 
subject the sample for a companltively long period of time to the 
, movements of the water in the jig, rather than to agitate th^ tube 
in stiU water. Under these conditions, provision must be made to 
close both ends of the tube before it is withdrawn from the washing- 
box. 

The accuracy of the Henry tube method of examining coal has 
been questioned by Maclaren {Trans, Inst. Min. Eng., 1925, 69, 
315), and Sinnatt (Journ, Soc. Chem. Ind., 1927, 46, 249) records that 
it has beei> found necessary to jig the bed of material for one hour 
in order to effect stratification. 

The X-ray Examination of Henry, Tube Pro^cts . — ^To overcome 
the liability to error in using the Henry tube, Maclaren {loc. cit.) 
suggests that the stratified products in a Henry tube be examined 
by X-rays. An X-ray photograph of the contents of the tube is 
made, and in the photograph the coal appears as a semi-transparent 
image and the dirt gives an opaque image. The coal is jigged until 
the photograph indicates that the denser material has all been 
conc^trated in the lower layers. 

In view of the^kiaccurabf of the Henry tube method, and the 
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siq>eriority of the float and sink method in every way (except 
jperhaps in time), the use of X-rays for this purpose wodd appear 
to be ej^pensive and unnecessary. Whilst of some scientific interest, 
,the X-ray examination of coal in this connection would appear to 
be merely a complicated method of making a simple determination — 
that of ash content. 



CHAPTER III 


THE THEORY OF COAL WASHING IN JIG AND UPWARD-CURRENT 

washers: general considerations 

It is impossible to design and control a jig or other washer 
scientifically and to appreciate the influence of the various factors 
concerned unless the fundamental principles underlying the proceM 
are understood. 

There is probably no coal-cleaning process to which mathe- 
matical formulae may be rigidly applied, but there is little. doubt 
that the fundamental p? 5 nciple of the majority of coal-cleaning 
processes is as suggested by Rittinger sixty years ago. Rittinger’s 
mathematical considerations (" Ixhrbuch der Aufbereitungskundes," 
Berlin, 1867) led him to propound a formula for the terminal velocity 
of fall of a single solid in a liquid. This formula enabled calculations 
to be made on the speeds of currents of water required to separate 
certain particles from certain other particles. Although Rittinger’s 
formula is now known to be incapable of explaining all the facts, 
later formula are almost all modifications of Rittinger’s, with 
different values for the constants and with the inclusion of other 
terms or factors. o '' 

• Although Rittinger’s formula deals only with the fall of particles 
in water, by means of it, it is possible to draw conclusions which are 
of fundamental importance for (toal-cleaning in jigs, in upward- 
. current washers and on pneumatic tables, and there is little ^ubt 
that Rittinger correctly discovered the main fundamental principle 
involved in cleaning by these processes. 

In this and the next chapter, Rittinger’s mathematical theory is 
outlined and work subsequent to Rittinger’s is described. * Factors 
other than those considered by Rittinger are also examined. In the 
main, however, Rittinger’s analysis of the motion of a particle in a 
body of liquid is followed. The theory of washing in currents 
of water which are substantially horizontal (trough washers and 
concentrating tables), and of cleaning by froth fk)tation, is given in 
the chapter^ dealing with these subjects. 

The separation of raw coal into " pure ” coal and refuse by 
means of a vertical current of water is effected through the difference 
i^ the specific gravity of the two portions of the raw coal. In a jig, 
the raw coal is placed in water which is periodically forced upwards 
and drawn downwards. The light coal particles subjected to the 
curremts produced tend to ascend or remain near the surface ; the 
heavy mineral particles temflb settle on the bed of the jig. 

• I 50 * 
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Motion rf a Pavtide on a Still Liquid.— When a spherical 
particle .of diameter, <#, and of specific gravity, s, falls vertically in a 
liquid of specific gravity, a. its effective weight {i.e.. the force pro- 
•ducing acceleration) is its weight in air minus the weight of water 
it displaces and is equal to 

g<i*a/(s — o) 

where w is the weight of unit volume of water. When the particle 
is 'of irregular shape, the diameter, d, may be replaced by a value, r, 
where r is the diameter of the round screen hole through which the 
particle would pass, or is some other linear dimension of the particle. 

, If the liquid used is water, je» = q = i using suitable units ; 
and the force is equal to ar®(s — i) where a is a constant such 
that the volume of the pirticle is ar®. 

The resistance offered to the nyjtion of l^e particle is proportional 
to the cross-sectional area which it presents to the liquid and to the 
square of its velocity. The area of cross-section equals br*, where h 
is a constant, and the resistance equals 

• kbrh)^, 


k being a further constant. 

During the fall of the particle, the algebraic sum of the forces 
governing the motion is 

ar®(s — 1) — kbrh)^. 

This force acts upon a mas?a>4s, and the general equation of motion 
may therefore be written. 


Or, 


Y'j^= ar^{s»- I) - kbrH^ .... (i) 

1 dv s — I kb „ 

- --- = — - 

g dt s ars 


This*equation reduces to dt = 


I dv 
B I AV 


in which A = ^ and B = g. - 

Solving this differential equation, a value for v may be obtained, 
viz. : — 

I I — 

= A • i + + ^ 

where C is the integration constant. Between the Unfits v = 0 an(f 
V = v,C becomes equal to zero, aqd the formula is , 

I I — e~ 

~ A* I -I- •• 

• % 


. .* (2) 
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When t is' made infinitely long (/ = oo), the velocity v attains a 
limiting value for the term ^ ^ becomes equal to umty. 
Actually, as t increases from o, v increasesveryrapidly and approaches 


its asymptotic value, 



i), after a very short interval of 


time, as may be seen from Fig. *3, which represents, in graphical 
form, the change in velocity with time. ^ « 

Tlie curve in Fig. 3 indicates that*there are two phases of motion, 



TIME. 


Fig. 3. — Increase in Velocity with Time. Particle falling i 
Liquid. Arbitrary Units. 

namely, one of acceleration and one of substantially uniform mdtioL 

dv 

During the initial stages of motion, is relatively great compare( 

with V, and in the value of (equation (il ). mav be neplerted 

The acceleration ^ is therefore initiall}! 

dv _ g{s — i] 

T a ““ * 

dv 

This value 6f ^ is independ^t of the linear dimension of the 
particle r, and of the constats a, h, k, and the motion of the particle 
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daring the first stag^ of the initial acceleratory period is therefore 

.independent of the shape and size ot the particle, and is dependent 
solely on its density. . 

• This principle is used in jigging operations, in which the rapid 
change in velocity and direction of the water current results in short 
falling times and small falling distances, with the result that a 
separation can be effected more or less according to density differ- 
ences without a preliminary grading of the material according to 
size. Strictly speaking, the particles fall for only a brief interval of 
time in accordance with the equation : — 


dv _ g {s - i) 
dt 


because, as soon as they begin to fall, the velocity increases rapidly 
and the term in (equation (i) ) soon ceases to be negligible. There 
is therefore only a predominating tenden^ for separation according 
to density, irrespective of size. Actually, ^because of the influence of 
the velocity which the particles acquire, the acceleration decreases, 
until ultimately it becomes equal to zero, when t is infinite. With 
each increase in v, the influence of the size and shape of the particles 
comes more and more into play, and results in an increasing departure 
from the initial separation according to density differences. The 
acceleration becomes negligible, and v is a maximum, when the 
velocity reaches the value given by 

kb ^ 5 — 1 

m^ars 

or, (4)- 


The rate of fall during this period of negligible acceleration, or 
of approximately uniform motion, is characterised by the term* 


V'r (s — i), for the other factors under the root sign are all 

constants. The equation may therefore be written 

V = K ^r {s - I) (5) 

where K = \/^ and V is the terminal velocity of fall. This is 


the formula as firat put forward by Rittinger. 

Since V*ar (s — i), it follows that the square of the final velocities 
of particles of the same density vary as their linear dimensions, and 
that the square of the final velocities of particles of the same size is a 
function of their density. Heavy large particles wjjl therefore ^ 
rapidly to the bottom, whereas small, light particles will fall least 
rapidly. Large light and heaVy small particles*will tend to fall 
together because of the compensation between size and density. 
Particles such as these are^'* like falli^ partict^s.'' 
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-By equation (5), 

V = i). 

For two ' like (or equal) falling particles/” 

Vi = K 

But Vi = Vg ; therefore, _ j 

These values apply only to the ultimate velocities of fall. The 
period during which like falling particles ” have the same vdocity, 
is preceded by the acceleratory period, and during this, de^ite 
differences of shape and size, particles separate chiefly according 
to their density. Particles which cannot therefore be separated 
after attaining their terminal velocities can be separated before 
attaining them. • 

A rough rule for estimating the distance required to set .up the 
final, or terminal velocify, as sta'ted by Allen for a sphere {Phil, 
Mag,, 1900, 50, 324 and 519), is that the distance required for 
constant velocity to be attained is approximately five times the 
distance required to set up the same velocity in vacuo. The 
velocity V will therefore be attained after a fall of 
c V2 

h = == — feet approximately. 

The ultimate velocity of fall in water of a rounded coal particle 
I in. in diameter is about 078 ft. per second, and according to 
Allen's rule its ultimate velocity wjH te attained after a fall of 

= 0-48 ft. (or about 6 in.). 

From this theoretical treatment of the vertical fall of particles 
• ill a still liquid, it will be seen that it might be possible undercthese 
conditions to effect a separation of the large, heavy particles from 
the small light particles, but that many of the particles of high 
specific gravity material would remain associated with thqse o£ low 
specific gravity material because of the compensating influence of 
size differences. Moreover, particles of very different sizes may 
remain together because of^ specific gravity compensations. 

Motion of a Particle in Upward and Downward Currents 
of Water. — In order to achieve a', separation af the coal and dirt 
particles, which, on account of the compensation between volume 
and specific gravity, are not separated by falling in a still liquid, 
impulses must be imparted to the liquid so that it is made to move 
geriodically upwards and downwards. The particles may then be 
prevented from attaining their ultimate velocities, and periodically 
the motion of tile particles corresponds to the period of acceleratory 
fall, during the initial stages of which separation by density may 
be effected. The influence q|f the motion of a particle of the motion 
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of the liquid in which it moves, is best investigated ’by a general 
•consideration of the effect of a current of liquid on the motion of 
a particle on an inclined plane. 

•Particular cases may then be con- 
sidered. 

Motion on an Inclined Plane.— In 
Fig. 4 the plane is inclined to the 
horizontal, the angle between the 
hprizontal and the direction of 
motion of the water current being a. 

Let the velocity of the water along 
and parallel to the plane be W, and 
l§t fi be the coefficient of friction 
between the plane and the particle. 

Resolving along the* surface of 
the pfane, the force acting on# the 
body along the plane is equal to 
the algebraic sum of the force due 
to the current, the component of 
the- weight of the particle parallel 
to the plane, and the frictional force 
opposing motion, i.e., 



Fig. 4.- 


Motion of Particle on an 
Inclined Plane. 


kbr^(VJ — v)^ — ar^ sin a(s — i) ± ar^ii cos a(s — i). 
The equation of motion may be written 

~ __ — i) (sin a ± /X cos a). 


^ 1 s dv 

Or, - . . j, ■- 

g s — I dt 


kb 


( 6 ) 


ar(s - i) a ± /i cos a) 

There are evidently two cases according as the quantity 
(sin a ± /A cos a) is a positive or a negative quantity. In the first 
case, wh^re sin a d: cos a is positive, the water is flowing up the 
plane. 

The differential equation may be solved as follows 

As before, let ~ \ ^ 

ar(s — i) 


and 


-S-B. 


Let sin a ± /X cos a = C. 

Then, g. = A*(W - ~ C.' 


' B; A*(W - c 


Whence 
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Putting 
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I r I I dv _ 

"" BA* L “ 2 D 1 WT'D -“v W - D 

Integrating between the limits, v — v and v = o, 

J _ ^ 1^,r* W + D ~ ^ 

' ~ 2 BA*D • W — D — v' 

Therefore, v — '^ — T> ^2a'bw_ j 



/ ar{s — i) sin a'± ncosx/ ih-^V 

= W - ^ - Ti »■ V a _ ij 

In the limit, where t = co, the value of v becomes asymptotic and 
. approaches the maximum value, 

V ar{s — i) / , 

Vsin X ±fi cos X (7) 

If the particle moves up the plane, with the water current, 

Vmax = W - \/ - -^ y/sin a + M COS a . . . . (8) 

If, however, the particle moves dov^il ^\e plane, against the water 
f current, __ 

— = W — \/sin « - fi COS X (9) 

Motion in Vertically Upward Currents of Water . — Equations (6) 
and (7) define the motion of a particle on an inclined plane subjected 
to an upward current of water. By regarding the plane as being 
inclined vertically upward (90 degrees to the horizontal), the 
equations of motion in a vertically upward current of water may be 

TT 

deduced. Thus, by putting^a = - in equation (7), sin a ± cos a = 
+ I, and 

(. 0 , 


which is the ultimate velocity with which a particle will ascend in an 
upward current. 

» It may be rioted in passing that, for a horizontal current, a = o 
and 
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During the initial- stages of motion in a vertically upward current. 

* ' IT 

for which a = - , the pgjlicles move upward with an acceleration 

which, according to equation ( 6 ), is equal to 
dv_ kbgfy/-v)» gjs-l) 

iii ars s' ' ' 

It has been shown already tllat, when falling freely in a still 
liquid, a separation of two particles bf different specific gravity takes 
place independently of their sfees during the first instant of their 
fall. . During the first instant after they are subjected to an upward 
current, their acceleration is given by equation (12) as : — 

di ars * s ^ 

by putting v == 0. As the velocity of the particle increases, its 
acceleration decreases, (W)^ being replaced by (W — The term 

kbg^ - v)^ 
ars 

is a maximum for z; = 0 and decreases as v increases. This is the 

p{$ — i) 

term involving the size of the particles. The term -- — ^ which is 


independent of size, remains constant for all values of v. As v 
increases, therefore, the density factor has a greater influence than 
the size factor. It follov^ tj;iat there is a minimum tendency for 
separation in accordance with density differences, independently of 
size, when an upward current is first applied. Subsequently, as v 
increases, the tendency for separation according to density, irre- 
spec^ve of size, becomes greater. As v increases and the term 


involving the size of the particle decreases, the term — which 


is iitdepondent of the size of the particles, and involves only their 
specific gravity, remains constant. It follows that as the particles 
accelerate, the separation is effected more and more according to 
density differences. For separation according to density differences 
only, and independently of size, it would be necessary for the term 

^ kbgjW - v)^ 

ars 


to become equal to zero, that is when W = v. But equation (lo) 
indicates that the maximum velocity the particles can attain in an 
upward current is less than W, so that v can never qqual W. Con- 
sequently, separation strictly in accordance with density differences 
never takes place in an upward citrrent of water. It*is for this reason 
that upward current classifiers are unable to wash unsized coal. 

It is known from experience that V Baum t^asher, for example. 
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5« 

**’-■*'• VI vyx’ 

shown jJJf reason why this is possible will be 

the actual motion necessaiy to inquire more plosely into 

upward cuitcS ^ *"®t subjected to an 

(dirtjf of specific gravity, (coal) and s, 

dirt particle, sinS from eSSTfrS !"***^"y ™ore rapidly than a 
coal particle and g, that of the to p;2k^^ acceleration of the 

. d K- 

at any *givSf frstlm?/ Gme Sfre respectively 

approximation at the begi^^ o/t?e 


~i?2 


T \ / Ui./xxT 12/ 


-‘Qrd 0+^iM 


o. — -ax \ y- • • . . . ( 14 ) 

of equal size. ’ '"“re rapidly than a dirt particle 

.insufficient ^doci^YocauStilTtwo'^D^^ if the upward current is of 

■n -pension. ^ 


- w«, tv, 

<' -y (r + W + j)-) 


Which, Since i, . /. / 

higher sjwcific gravity thereforr^alls^"**^^' particle of 

-.rx“ 


and 


^ 5i 


Ax AU ' 

option ^ ^ 

!«• orte that ■ ■ (. 5 ) 

• “•>»=-«„ rapidly 
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than a dirt particle, gl must be greater than g,. For this to occur it 
is necessary that 
kbgW* 
a 

i.e., that 

bbW 1,1, ^ /fcSW* I , I 

. — be greater than . — • 

a rjSj ' Si • a H 


+ 1 be greater than . ^ + I 


But is always greater than — , since ^2 > The condition there- 

Si Sg* 

fore is, roughly, that 

shall be equal to or greater than ^ . 

Equaling these quantities. 


^2^2 


or 


(i6) 


If the specific gravity of coal is 1*3 and that of dirt 2*5, separation 
between the two will always take place continuously from the 
moment when they are first subjected to an upward current if the 


2 ‘ ^ 

coal particle is = 2 (approximately) times larger than the dirt 


particle. This suggests thJt^zing of the coal before washing in an 
upward current classifier must be very close, namely, of the order of 
2 : I. This apparent difficulty, or rather onerous requirement, is 
overcome in practice by suitable adjustment of the speed of the 
wate^ current. It has been pointed out already that, as soon as the 
particles attain a velocity which is no longer negligible compared 
with the speed of the water current, the term in the equation of 
acceleration (equation (12) ), involving the size of the particle, 
decreases* whilst that involving the specific gravity remains con- 
stant. As the velocity increases, therefore, the size ratio for separa- 
tion at the beginning of motion becomes wider, and the necessity of 
a ratio of 2 : i no longer applies. Ob'fiously, if the washer is so 
designed that the speed of the water current is low when it first 
meets the coal, the ♦velocity of the particle relative to the water soon 
ceases to be negligible, and the size ratio widens very rapidly. 

This is effected in the Draper washer by the use of a truncated 
cone-shaped washing chamber. The velocity of the water, whilst 
still able to force a coal particle upwards, is least at the top of the 
cone, where the coal enters, the velocity of the water at any cros?- 
section increasing as the cross-se(?tional area decreases. 

Another advantage of the low speed of current at the position of 
entry of the coal is seen from a closer^aminatspn of the argument 
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used to deduce equation (i 6 ). In course of the deduction, the 
i/sj and i/s, were removed, since *2 is always greater than it, tor 

Sj and Sj, the values i ‘3 and 2‘6 be subsfituted, the condition tor 
separation is that 


— 

a ’ i-3ri 


or that, 


j. ^ W2 __ L_ 

^ i‘3 ^ ^ ’ 2-6ra 

2kbW^ ^ ^ ^ kbW^ 


2 - 6 ’ 


art 


ar^ 


or that, 


_^ifL ^ Zi •+ I > 0. 
2kbW^ 2^2 ^ 


From this condition it follows that close sizing should be less 
necessary with large coal than with small coal, and, moreover, that 
separation will be facilitated if, at the beginning of the separation, 
W is small. The relative velocity of the current and the coal at the 
position where the raw Coal enters should therefore be a minimum, 
and the coal should not fall from too great a height into the water. 
The speed of the current must, of course, always bo sufficiently great 
to prevent the smallest coal particles from sinking. That is, it must 


be sufficient to keep ^ 


(equation (13) ) a positive quantity for the* 


particles which float most easily, or 


kb(W - z;)2 

ar^ 


> 


-I). 


This illustrates the advantage of using a conical separation 
chamber, as in the Draper washer. This washer will be described 
and its operation considered mor^ fully in a later chapter. For the 
present if may be stated that the water current is so regulated that 
coal particles are not allowed to descend through the conC. At 
some position or other in the cone 


A6(W - vY 


at 


s-i 


I 


or, W > K — i) since y == K. 

On the other hand, dirt particles are able to sink through the cone, 
so that, for dirt particles, • 

K Vra(Sz — 1) > W. 

The limiting ratio of sizes of particles which can just not be 
^parated b}^ making full use of the cone therefore becomes 

S ' I 

which is the size rafio for “ equal falling " particles in 
a still liquid. H'follows^hat, in an uqward current classifier. 
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particles of the same. ‘diameter but of different density will require 

current velocities in the ratio ^ to keep them in 

suspension. Particles of the same density but different size, will 

require velocities of currents in the ratio ^ particles 

of different sizes and different densities will require currents of 
velocity ratio 

Wx 

W2 ■“ V r^{s^ - !)• 

* Motion in a Vertically Downward ^Current of Water , — Before 
considering the principles upon which a jig washer acts, and par- 
ticularly how, in certain cases, it is able to separate unsized coal and 
dirt, the motion of a particle in a downward current of water must 
be considered. 

The motion of a particle under the influence of a vertically 
downward current may be examined as follows, the motion of a 
particle on an inclined plane being divided into two phases. At 
* the beginning of the motion of the particle, its descent due to 
gravity is assisted by the current of water, and it therefore 
accelerates rapidly until its velocity is the same as that of the 
current. In the second phase, which begins when the velocity of 
the particle has become equal to that of the current, the accelera- 
tion of gravity causes th^particle to fall more rapidly than the 
current of water, and its motion is consequently impeded by the 
resistance of the liquid. In each phase the effective weight of the 
particle is its mass less the mass oMhe volume of water displaced and 
equals af^(s — i). 

Tne case is the second case of equation 6, sin a ± /Lt cos a being 
negative. The particle always moves downwards and /x cos a has 
alw^s the opposite sign to sin a. The plane will now be inclined 
with a negative angle equal to, say, a^. 

During the first phase. 


I s 

g s 


dv ^ kb 
dt ^ ar(s — i) 


(W ~ sin 01} — fji COB . 


(17) 


Using the notation previously employed, it may be shown that, 
when t; = W, 

I _i W 


During the second phase 


I _ s 
g s — i 


dv , 

^ = sinoci 


H cos . 


kb 


y*<ir(s — j) 


{v - 


W) .. (18) 
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Whence, 
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/_ f, D + (i>- W) 1. 

^ “ 2BA*D D - (v - W) + ' 


Now write / = ^ w + so that when v = W, = o, and put 

Ji I fi D + (j; — W) 

^ ~ 2BA2D V®® D - (v"- W) ^ [ 

The general equation then becomes : — 


/ _ _ I /] D jj- C^_— _W) I , 

^ ~ 2BA*D ( ^ D - (i> - W)j 


whence 


I _T/. 

_ YV -j 2BAW j 


Putting = GO, 

7 ; = W + D 


= W + V 

The particular solution is then obtained by putting — — 


TT 

2' 


when sin cos a’ == + i. The ultimate velocity of fall in a 

downward current is then found to be 


V-W + 


la^s^ i) 

V ~W~~' 


If in equation 17, be put equal to ~ the acceleration during 
* the first phase is given by the relation : 

I rfi; _ s — I A;6(W -- vY 
g dt s ars 

At the beginning of the first phase, v is negligible and the 
acceleration of the particle is equal to 

_L \Y2 

s ars ' ^ 

Two particles of the same size, but of different densities, Sj (coal) 
and Sj (dirt), will accelerate according to the equations ; — 

• gj = ^ w*, for coal, 

== Si^.i w* for dirt. 


and • 
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The difference between these rates of acceleration is given by the 
yalue 

f ^ ^ 

«1 ”*2 


ol o 2 M ( 


i) kgbW^ 
' ar 


- fi_J 

“ ^(*2 Si 


+ 


kgbW 

ar 


I? 

tsi 


1) 

^2) 


= r - r 


\ kh\N^ _ j 


ar 


(19) 


I 

Sa 


If Sg is greater than s^, as is always the case, the term - — - 

will be positive, and the difference between the acceleration of the 

particles will be positive •unless is less than unity. If the 

velocity* of the water (W) is considerable, this will not be so, and 

. will be greater than unity, and will therefore be greater 

than ^2* The particle of lower specific gravity (coal) will therefore 
fall more rapidly than the particle of higher specific gravity (dirt). 
But the object of the motion of the water in jigging is to cause the 
dirt particles to fall more rapidly than the coal particles. It is 
accordingly necessary so to arrange conditions as that the velocity 

of the water is as low as possible. The term — i will then be 

negative, and will be gre«rt^ than g^, or alternatively, the term 

I will be reduced to a small quantity and the coal particles 

will only fall very slightly faster tlfan the dirt particles. Evidently, 
then, it is possible to draw the conclusion that too high a velocity of 
the descending water (suction) opposes the separation of equal- 
sized particles. Furthermore, since a high velocity of the descending 
water results in a more rapid fall of a coal particle than of a dirt 
partiSe, if will cause a loss of coal in the refuse, and this is well 
known to be the case in practice. 

The second phase of the fall begins when the particles attain 
the velocity of the water current. When^his occurs W v = o. 
The acceleration of the particles is then 




g{Sl - I) 


, for coal particles. 


and 


^2 


_ particles. 


and the denser particle (sg) fall» more rapidly than the lighter 
particle (sj). When this acceleration comes into play, the velogties 
of the particles increase until they nn^e more^ rapidly than the 
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d^cending water current. They therefore meet 'the resistance of 
the water. The accelerations then become, 

g(si - i) khg(vj^ - W)* 



_ S'(S2j7_ll _ 

Sj ’ ars2 

livi = v, = v.g^-g^ = g\l^-j^ 1 "^ . 

Since Sg > Sj, is negative, and the heavier particle accord- 

ingly falls the more rapidly. The 'particles cease to accelerate ana 
fall with uniform velocity when 

g{sj-^) _ — W]2 

ars 

and the ultimate velocity is, therefore, 

- w 1 

+ V - kb 

If a particle be moving upwards and the upward current of water 
be changed to a downward current, the upward velocity of the 
particle will be reduced, and at some instant the relative velocity of 
the particle and the water will be zero, i.e., W will be equal to v, 
and W — V will equal o. 

the acceleration will be given by the 


( 20 ) 


( 21 ) 


( 22 ) 


From equation 
equation : — 


(i8), 


S — 1 

-r 


Or, 


(23) 


I dv 
g di 

dt ^ s 

The acceleration will therefore be momentarily independent of 
the size of the particles and dependent only on their specific gfavity. 
Conditions will then be reproduced similar to those obtaining at the 
beginning of the fall of a particle in a still liquid, and the rate of 
• acceleration, relative to the liquid, will be the same as initially in 
a still liquid. 

Motion of a Particle in Alternate Upward and Downward Currents 
of Water : ^Separation in Jig: — It is now possible to discuss the 
behaviour of particles when subjected to alternate upward and 
downward currents, as in a jig washer. Separation of coal from dirt 
particles iaa jig is effected principally during tffe upward current of 
water (down-stroke) and when the direction of the current is changing 
from upward to downward. The advantage of certain jig washers 
over many other types of washer is that preliminary sizing of the 
feed coal can4)e either eliminated or reduced to a minimum. It has 
been shown th^t complete separation of coal from dirt is imposible 
in an upward current without preliminary sizing, but that by 
usin^ a low velocity of current at the outset, separation without pre- 
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liminary sizing is facilitated. If then the current speed increases 
rapidly, -the value W — v increases and separation as nearly as 
possible according to density differences is effected (though is never 
Actually achieved in an upward current). Provided that the current 
speed eventually exceeds the terminal velocity of fall of the largest 
coal particle, the maximum cleaning that can be achieved during 
the downstroke of the plunger will be effected. If this velocity is 
attained, i.e., if 

W > K - I) 

where is the size of the largest coal particle, all the coal particles 
will move upward. On the other hand, only those dirt particles 
whose size is given by the equation W = K ^^2(^2 whence 

— * , will move upwards with the coal. The remaining dirt 

Y^ Si — I 

particles will remain stationary orwthe screeja. 

The initial slow upward movement of the current, which is 
desirable, is not due to the use of an eccentric (or link motion, as in 
some early types of jig washers), but is obtained as a natural con- 
sequence of the fact that a downward current of water is changed 
into an upward current. Before the water can move upward its 
inertia must be overcome. The upward current at its outset is 
therefore slow. Once the inertia has been overcome, the upward 
current rapidly attains its maximum velocity. 

At the end of the downstroke, the plunger moves upwards and 
the upward water current in j^l^ wash-box is replaced by a downward 
current. Whilst the vertical direction of the water current is 
changing, the water, as far as vertical motion is concerned, is 
momentarily still. ^ 

The velocity of the particles subjected to the alternate upward 
and downward currents of water is also varying ; and the direction 
of their motion may periodically be upward or downward. If, at 
the moment that the current of water is changing from an upward 
to a downward current, the particles become still relatively to the , 
liquid, or if at some other time during the motion the relative 
velocity of the particles and of the liquid becomes equal to zero, the 
conditions are produced, for a brief interval of time, during which 
separation strictly according to density and independenlly of the 
size of the particles can occur. 

If the particles Jftid the water both become momentarily still, 
the conditions of fall are as given in equation (3) 

dt s 

and if their relative velocity becomes zero, the acceleration is also 

dv g(.? — i) 


from equation (23). 
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• 

•During the brief interval of time that these conditions obtain, 
all the dirt particles mixed with the coal fall through a greater height 
than the coal particles. The repetition of .this process a number o 
times as the coal moves forward along the screen gives ^ 
dominating tendency for classification of the coal independently oi 
its shape and size, and makes possible, in a Baum washer for example, 
the omission of preliminary sizing so necessary with m^ny other 
types of washer. 

During the upstroke of the plunger a downward current of water 
takes place in the wash-box (the go-called ‘‘ suction ’) and, since 
this is liable to undo the separation which has previously taken 
place it is desirable to reduce it to a minimum. This is accomplished 
by allowing much of the water which has been pushed upwards durmg 
the downstroke of the plunger to be discharged with the washed 
coal, the deficit of water being made up by supplying water below 
the plunger. In this way the displacement of water during the 
upward stroke of the plunger is compensated by the inrush of water, 
without all the water being drawn through the bed. The conditions 
in and above the bed in the wash-boxes are therefore not materially 
affected by a downward current passing through it. 

SUMMARY 

Tlic following general conclusions may be drawn from the above 
tlieoretical treatment of the motion of particles in water : — 

(A) In Still Water, 

(i.) Large heavy particles ultimatii^fall more rapidly than small 
light particles in accordance with the equation : — 

V - K 

(ii.) A heavy particle will ultimately fall at the same speed as a 
larger but lighter particle, because of the compensation between size 
and density when the sizes are in the ratio : — 

^2 ‘^1 - 

The values and may be measured by the diameter of the screen 
mesh through which the particles pass. Coal of specific gravity 1*3 
and shale ^of specific gravity 2 5, will fall at equal rates if the size of 

the particles is in the ratio = == ^ , — that is, if the coal 

^2 ^'3 ~ ^ 

particle is five times as large as the shale particle. If the coal particle 
is less than five times the size of the shale particle, it will fall more 
slowly. 

^ (iii.) During the initial stages of faU, the particle of higher specific 
gravity falls more rapidly than the particle of lower specific gravity, 
independently" of the size of the particles. At the very beginning of 

bIs — 

tbetall the accelefation ol any particle is equal to 

< J ^ ^ 
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« * ^ • 

Coal particles of .specific gravity 1*3 therefore commence to ’fall 
’with an’ acceleration of ^ 


i‘3 


or about 074 ft. per second per 


•second, and shale particles of specific gravity 2 5 accelerate at a rate 
of about 1*92 ft. per second per second. 

(iv.) During jigging, the direction of motion of the current should 
be reversed frequently. As the upward current is replaced by a 
downward current, the water is ‘momentarily still, and at other 
times during the motion the liquid and the particles become still 
relative to each other. The conditions are then reproduced under 
which separation takes place according to density differences and 
independently of the sizes of the particles. 

. (B) In Un Upward Current of Water* 

(i.) A particle will move upwards if 

w > Kyr(7 

and, by suitably regulating the speed of the current, the larger and 
heavier particles may be made to fall downwards against the current, 
leaving the smaller lighter particles in suspension. 

So — I 


(ii.) Particles such that - = cannot be separated in an 


^2 

upward-current classifier with any one velocity of current. Coal 
particles of specific gravity 1*3 cannot be separated from shale 


particles of specific gravity 2*5 unless the ratio of the diameters — is 

^2 

less than 5 to i, and the py^icles must accordingly be screened to 
limits within this ratio if they are to be separated. 

(iii.) During the initial stages of motion, coal particles ascend 
more rapidly than dirt particles o^the same size. 

(iv ) A particle will ultimately fall if 


W > K A/r(s - I). 

If particles of coal and dirt both fall, the velocity of the upward 
curi^nt being insufficient to cause either of them to remain in sus- 
pension, a dirt particle falls more rapidly than a coal particle of the 
same size. 

(v.) The ultimate velocity of fall of a particle against an upward 
current is equal to * * 


V = K y/r(s - i) - W. 

If the particle rises, its ultimate velocity is 

V = W - K Vr(s - I). 

Similarly, a particle neither rises nor falls but remains in suspen- 
sion if 


W = K Vr(s - i). 

(vi.) Classification by jigging is facilitated by frequent upward 
currents. * * 
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• • 

*{vii.) In an upward current, the tendency for the separation of 
heavy and light particles is greatest when the particles attain their 
terminal velocities, not, as in a still liquid, at the first instant of fall. 

(C) In a Downward Current of Water. 

(i.) The ultimate velocity of fall of a particle is given by the 
equation 

V = W + K Vr{s - ij. 

(ii.) Initially a coal particle ffills more rapidly than a dirt particle 
of the same size. To overcome this effect it is necessary, in a jig, to 
use the minimum possible velocity of downward current. 

(iii.) Coal and dirt particles both accelerate until they attain a 
velocity equal to that of the current of water. Meanwhile the coal 
particle tends to fall a greater distance. Subsequently the dirt 
particles fall more rapidly than the coal particles. 

« c. 

• • 

It may be seen, therefore, that, whether the particle falls in still 
water, or is subjected to an upward or downward ctirrent of water, 
the velocity it will ultimately attain is governed by the expression 

K Vr{s — i). 



CHAPTER IV 


THE THEORY OF COAL WASHING— THE INFLUENCE OF 
FARTlCULAK FACTORS 

The equations deduced in Chapter III are not directly applicable 
to any coal cleaning process ; they are fundamental but not particular. 
The constant, K, has different values under different conditions, and 
many factors are present during the operation of washing, of which 
no account has been taken. Nevertheless, the theoretical treatment 
of tha subject allows many conclusions to be drawn which are sub- 
stantiated in practice, and though but fev^ of the equations may be 
rigidly applicable under industrial conditions, there is little doubt 
that the theory underlying them is correct in principle. It requires 
many modifications, however, to enable it to represent correctly 
the influence of all the factors involved. 

It is often asserted that the Rittinger theory fails because, 
contrary to theory, it is possible to separate a wide range of sizes of 
raw coal into clean coal and dirt by washing in a jig. It was shown 
in the previous chapter, however, that this view is erroneous, and 
that the separation, by means of alternate upward and downward 
currents, of particles of dSferent specific gravities, and differing 
materially in size, follows from the theory. There are, however, 
other factors involved which enable a wider range of sizes to be 
separated than is suggested by ftie Rittinger formula alone. The 
chief of these factors is the fact that, when raw coal is washed, there 
are a mass of particles enclosed in a relatively small bulk of liquid 
instead of a few isolated particles in an ocean of fluid. Still other 
factors, however, tend to narrow the limits of sizes between which 
separatioft is possible. One of these factors is the variation of the’ 
value of the constant, K. Each of these influences is considered 
in this chapter, and certain general deductions from theory are 
made. 


VALUES OF THE CONSTANT K 

Values of the constant, K, which, in the notation u,sed in the 
'a 

previous chapter, equals have been deduced by workers other 

than Rittinger. Stating the formula as V = K \/i'i (s — i), where rj 
is the average diameter in inches T)f the mesh of the* screen through 
which the particles would pass, and v is pleasured in feet per second, 
Rittinger’s values of K wer^: — 
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Table 42 

Variation with Size and Nature of Particles of the Constants a and b which relate the Diameter 
OF THE Screen Hol5 through which the Particles Pass, with their Volume and Cross-sectional 
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2-67 for spherical particles. 

.1-43 for roiinded bodies. 

I -bo for flattened bodies. 

1-24 for elongated bodies. 

1*28 as the average for particles of various shapes. 

A large number of more recent researches have suggested different 
values for* the constant, but as the actual value is of little other than 
academic interest it is not proposed *to discuss them. Reference may, 
however, be made to one series of experiments by M. de Caux. 

M. de Caux (Ann, des Minas de Belg,, 1921, 22, 1103), from a 
study of a Belgian raw coal, determined for particles of different 
shape’s and sizes the values of the constants a and b, which were 
introduced in Chapter III to correlate tlje volume and area of cross- 
section of particles with the diameter of the screen hole through 
which they pass. For a full description of the method adopted the 
original paper should be consulted. It couigisted, briefly, of calcula- 
tions based on a determination of the weights of particles of spherical 
and of assorted shapes, passing through given sieves. He reached the 
conclusion that the assumption made by Rittinger and others that 
the value of K is constant for particles of the same shape but of 
different sizes is \intenable. His figures for the variation of the 
constants a and h are given in Table 42. Values for the constants 
are given with respect to the size not only of coal particles but also 
of dirt particles. Rittinger (and others) assume that the constant K 
has a uniform value for both coal and dirt. 

From the results record ed ^ in Table 42, the value of the constant, 
K, for raw coal material of different specific gravities may be 
tabulated as follows, k being given the value 0*0715 : — 

Table 43 

Value of Constant, K, in Formula V = K (s — i) 

(V MEASURED IN M. PER SECOND, V IN M.) 


• 

].)ia. of screen 
Mm. 

Coal. 

S G. I'S 

K,.. 

! 

j Middlings 

1 S.G. I-3-I-9. 
K,„. 

Dirt. 

S.G.‘ I 9 . 

Ka. 



*■ 

m 

0-2 1 

2*32 

2-32 

2*26 


^•39 

2-39 

2*27 

4 -b 

2-44 

2*44 

2*33 

6-8 

263 

2 *60 

2 50 

8-10 

2*68 

2-64 

256 

10-20 

2-84 

2*77 

. 2*73 

20-30 

2*97 

2*91 

• 2*83 

30-50 

3*04 ^ 

2*95 

2*88 

• 


The results obtained by de Caux,vhd reproduced in Table 43, 
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refer to particle sizes reduced to metres and velocities measur^ in 
metres per second. The values of these constants for prides 
measured in inches and for velocities in feet per second are given m 
Table 44, and graphically in Fig. 5. M. 'de Caux considers that 
the difference between the values of K for different particles is too 



Fig. 5. — Values of Constant K for Particles of Different Sizes and Specific Gravities. 

great to permit the use of any one value as a general value for all 
grades of material. 


Table 4^ 

Value of K in Formula V = K Vr (s — ij (V measured in 
Feet per SEcoiyD, r in Inches) 


a. of screen. 

Coal 

Middlings 

1 Dirt 

Inches. 

.S.G. <1-3 

S.G. 

S.G. > 1-9. 

r. 

iv. 


K.i. 

» 

O-h 

1*22 

1-22 

1-20 

i-i 

1-30 

1*29 

1-26 



I '35 

1*31 


1-41 

1-38 

1-35 


1-43 

1*40 

1-37 

§— 3 
& 4 

1-45 

1*42 ^ 

1-39 

f-I 

1-49 

1*45 

1-42 

I-li 

1-52 

1*48 

1-44 


1-55 

1*51 . 

1-46 

li -2 

f6o 

1-56 

1-49 


de Caux therefore suggests that the values given by Rittinger 
and other, more modern, •vjriters need revision in two respects. 
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« * 

Firstly, different constants are required for coal, middlings and diyt ; 
i^ondly, for each of these three types of material, cMerent con- 
stants are tequired for different sizes. 

, These values of K may be substituted in the Rittinger formula 
for the terminal velocity of fall of particles in a liquid. A particle 
of coal of S.G. 1-3 and 2 in. in size will require a current of velocity 
Vj = I'6V2 (i- 3 — i) = 1-240 ft. per second to support it. Simi- 
larly, a particle of shale of S.G. 2-5 and in. in size will require a 
cujrent of velocity Vg = 1-36^0-562 (2 -5 — i) = 1*247. 

* According to these values, t^ie theoretical ratio for sizing before 
washing should be 



instead of 5, the value calculated from the expression 

^ ^ - I . 

yg - I’ 

The differing values determined by M. de Caux for different 
particles of a Belgian raw coal are possibly due to some phenomenon 
associated with the fracture of the coal. Whereas one coal, when 
broken up, may give particles which do not differ widely in shape, 
another coal may fracture into particles the shape of which shows 
no tendency to regularity. In view of this fact, it would appear 
desirable, in applying the theory to the washing of any particular 
coal, to examine its mode of fracture with some care and to determine, 
for that coal, what value or^J^lues of K are applicable. 


THE INFLUENCE Of' OTHER FACTORS 

The formuke considered hitherto are deduced for a single particle ^ 
falling freely in a liquid medium. It would appear that when, as 
in coal washing, the raw coal is fed in bulk, not particle by particle, 
other factors come into play. Whereas for a single particle falling 
in an ocehn of fluid the actual displacement of water is negligible, 
when a mass of coal is fed into the restricted space of a washing 
box, the water displaced may attain considerable proportions and 
its displacement will result in upward niddy currents around the 
particles. Furthermore, in order to effect a separation of the 
lighter from the denser material, the bulk of particles must be 
separated into individual units and some of the mechanical force 
which would otherwise be spent in imparting given velocities to 
the individual particles is used up, partly in effecting a mechanical 
separation of the aggregate, and partly in overcoming^ the frictional 
forces between the particles as they slide over and around each 
other. A further departure from simple theoretical expectations 
is provided by such other influences as the shielding or trapping 
of a small light particle on the under su;^ace of a large heavy particle 
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and also by reason ol the fact that, when the mechanical forces 
involved come into play, neither the water nor the particle begins 
to move, of necessity, from rest. The coal may be shot into the 
washer, the liquid medium may be subject to eddy and vorte* 
currents, and consequently the motion of the particles may be 
irregular and not vertical. 

Hindered Settling. — ^The maSs effect results in the creation of 
forces which give rise to the phenomenon of “ hindered settling. 
Munroe {Trans,, Amer. Inst. Min. .Eng., 1888, 17, 637), who first 
investigated the phenomenon, showed that a sphere falls more 
slowly in a narrow tube than in a wide one, and, as a result bf his 
experimental investigations, he put forward values for the constant 
K, which differ from those of Rittinger, as follows : — 


• ““ 

Value of K 

^ Shape of Particle. 

Munroe 

Rittinger. 


Hindered ] 

Free . 


settling. 

fall. 

Small spherical ..... 

0*432 ! 

2-67 

Angular, uniform sizt‘ 

0*278 

1 I'28 

Rounded . . . ' . 

0*255 i 

1-43 

Large spheric al in mass of small s])lieres 

0*160 I 

1 




Munroe's experiments enablediiim to put forward tlie formula : — 


where is the observed velocity of fall in a cylinder of diameter D, 
.and V2 the velocity of fall in an unrestricted vessel, r Joeing the 
diameter of the particle. 

Conclusions similar to those of Munroe were reached by Ladenburg 
{yVied. Ann. der Phys., 190^, 41, 22, 287). Apart from the researches 
of Munroe *and of Ladenburg, however, experimental investigation 
of the phenomenon of hindered settling appears to have been 
neglected, with the result that knowledge of tfee laws of hindered 
settling, and the influence of the phenomenon on the normal laws 
of fall, are quite indefinite. 

In America, however, Fahrenwald {Min. and Met., 1926, 7, 
437) is conducting a series of experiments on hindered settling, and 
his results should add materially to our knowledge of the subject. 

Louis, in a*recent paper {ChSm. and Ind , 46, 545), has 

proposed a theoretical forgiula for the terminal velocity attained 
by a mass of sphetfis, all of jflie same sift, falling in a body of fluid. 
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» « 

He assumes that the -mass of the fluid remains constant, but that 
the fluid displaced by the falling spheres adds to the buoyant efiect 
of the medium, acting, in. fact, as though it increased the density of 
the meditun. 

Louis' formula for the terminal velocity of fall of the mass of 
spheres introduces a term m, the coeflicient of mass density. The 
formula may be written : — 

V = Ky/^|s-u(i + w); 

using our notation. Putting = i for water, 

V - 

For any given set of conditions w is a constant, depending for 
its value upon the mass of the spheres and the bulk of the fluid. 

Besides the buoyant effect of. the fluid, displaced by a mass of 
spheres falling in a limited bulk of the fluid, other factors are con- 
cerned in the phenomenon of hindered settling when it is applied to 
the conditions obtaining in coal washing by a jig or an upward 
current classifier. The particles are then of various sizes and various 
specific gravities and their relative positions in the mass vary at 
different instants of time. The influence of friction between the 
particles is therefore introduced, eddy currents arise, and collisions 
between particles affect their relative directions and velocities of 
movement. The significance of these effects is not, at present, 
understood, and is still less ,(j^able of mathematical examination. 

Later in the chapter the influence of friction between the particles 
is tentatively examined. 

It is possible, however, that |^he influence of hindered settling 
on the working of a modem jig is not very great, except for the 
effect of mass density, the factor considered by Louis as adding to 
the buoyancy of the liquid medium. The pulsations of the liquid 
are so frequent and rapid that, even though at first they resulted 
in the performance of little useful work other than the separation of, 
the particles of the mass, subsequently, sufficient time and oppor- 
tunity is allowed for the normal laws of fall (with a modification 
similar to that of Louis) to become operative. 

In an upward current classifier, however in the* absence of 

pulsation), it might reasonably be expected that considerable power 
would be required ^to overcome the frictional forces between the 
particles and to effect an efficient separation between them. 
The phenomenon would, of course, have a considerable influence 
if the separation were to be effected solely by allowing a dense mass 
of particles to fall through a stiU liquid contained in a narrow 
chamber, but such a process is not a practicable proposition. Conse- 
quently, the true phenomenon ol hindered settling* as defined by 
Munroe, hardly arises in washing practice, except in truly hindered 
settling classifiers th§ Richards). In most other washers, 
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e:3^ernal mechanical forces are employed whiph overcome, perhaps 
almost completely, the influence of the other factors, whicji, though 
they aie not strictly included in the phenomenon of hindered settling, 
are usually grouped with it. To what extent such external 
mechanical forces are required is unknown. The final design of a 
washer is largely a matter of trial and error, and little effort seems to 
have been made to define in exact terms all the scientific laws 
applicable to washery practice and to design washers by their 
systematic application. A design based mainly on experiment 
must include a substantial margin for unknown factors. If these 
factors were studied and understood it might occur that much of the 
usual margin is unnecessary and that slight modifications ©f the 
plant, or of its method of operation, would themselves provide .all 
the margin required. 

• 

Formation of Slimes. — Very small particles do not obey the 
laws which have already been deduced for the fall (^f particles in 
water. Since their behaviour is problematical, ikj washer depending 
upon density differences has been designed to deal successfully with 
very fine coal. 

It will be recalled that, in obtaining the equation of motion of a 
particle falling in a fluid at rest, it was assumed that the resistance 
of the fluid to the fall was proportional to the square of the velocity 
of fall. By the principles of dynamic similarity, it may Ix' shown 
that the resistance experienced by any body in motion through a 
fluid may be expressed as : — 

K /O 

in which p is the density of the :^uid, / is a linear dimension of the 
body, V its velocity and v the kinematic coefficient of viscosity of 
the fluid. The classical experiments of l^roude (Brit. Ass. Rep., 
1872) showed that, for considerable velocities, the resistance varied as 

and that / was a constant term, the velocity being, therej^ore, 

independent of the viscosity of the medium. This conclusion has 
been substantially confirmed by numerous other worktTs. c.g.. 
Unwin (Proc. Inst. C. E., ^84, 80, 221), Allen (Phil. Mag., 1900, 50, 
324), Martin (Trans. Inst. Chem. Eng., 1926, 4, 164), and others, who 
have found that the power to which v must be raised is very nearly 2. 
The resistance to a particle falling in water fl^ith a considerabh^ 
velocity may therefore be written R -= kPv\ which is the form 
employed at the beginning of this article. 

When, however, the velocity of the particle is very small,* the 

resistance varies as the velocity, and the term / is no longer, 

* For watep a velocity of not more than i in. per sec. is specified [Encyclopcedta 
Brit., Hydraulics, s. vii). Considei^ble velocities are velocities greater than i in 
per aec. • 
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• • 

therefore, a constant.. For spheres, moving under these conditions, 
the ultimate velocity of fall may be calculated according to Stokes' 
law, as follows : — 



in which v and p are the kinematic coefficient of viscosity and the 
density respectively of the fluid, r and s being the radius and specific 
gravity respectively of the sphere. 

"For considerable velocities and particles of considerable size, the 
motion of the particles is indepenHent of the viscosity of the medium, 
the energy expended by the resistance of the fluid being used up in 
creating turbulent motion in the fluid around the particle. With 
very small particles, however, the streahi line form of the fluid is 
not disturbed and the motion of the particle is hindered in over- 
coming the viscous resistance of the medium in which it moves. 

Richards (“ Text-book of Ore Dressing," Vols. i and 2, New 
York, 1903 ; Vols. 3 and 4, 1909) conducted an extensive investiga- 
tion of the fall of single particles in water, and his experiments led 
him to the conclusion that the Rittinger theory, though applicable 
in general to relatively large particles, was no longer applicable 
below a certain size of particle, the size varying according to the 
nature of the material used. Below the critical size, the velocity 
of faJ] corresponded to the formula 

V = Ki(s - ly 

which is similar to th(^ Stok^' law, the constant terms of Stokes 
and the vi.scosity of the fluid being included in the composite 
constant K^. Richards found, moreover, that the change from one 
formula to the other occurred abruptly. 

A formula for the terminal velocity acquired by very small 
particles was put forward by Wagoner. Wagoner (Ass. Eng Soc., 
1896, 17, 73) used Richards’ experimental values, and found that 
the Aielocitv could be written 

^ V + n 

where c\ m and n were constants. One interesting, but unexplained, 
point discovered by Wagoner was that w -f- n == y'2. 

Cooper and Wikon [Coll. Guard., 1923, 126, 147) have also 
shown that particles of minerals falling in water obey different laws 
according to whether they are large or small, and found that the 
change from one law to the other occurred abruptly at about 50 mesh 
size, whatever the composition of the particles. ^ ^ 

It is well known in practice that, in washing a raw coal with 
which the fines are included, the STnallest particles which ultimately 
form slimes do not obey the laws governing the larger particles, 
but remain in suspension in^the water# Many d\^ys disintegrate in 
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contact with water, and the clay particles thus dispersed also form 
a suspensoid in the water. The effect of this suspension of coal arid 
dirt particles is threefold. Firstly, because of the distribution of 
the fine particles through the washing water, its effective density 
is raised and instead of being unity becomes, say, i‘i. Lincoln 
(Bull. 69, Univ. of 111 ., 23) considers that, in some cases, the density 
of the washing water is as high as 1*15 on account of the suspended 
impurity. Secondly, much of the fine coal is discharged with the 
washing water, from which it must be recovered. Thirdly, the 
finest particles of dirt are prevented from falling with the lafger 
dirt particles, and some of them therefore pass over with the clean 
coal discharged. This dirt remains in the cleaned coal in the 
drainage hopper unless it is previously removed by spraying the 
coal with water on a screefi or drainage conveyor. 

Size of Particles Forming Slimes . — It •is desirable to have some 
information with respect to the minimum size of particle that will 
obey the normal laws of fall, an(f consequently the extent to which 
fines must be removed from the raw coal to prevent the formation 
of .slurry. According to H. S. Allen (Phil. Mag., iqoo, 50, 324 and 
519), Stokes* law no longer holds good for spherical particles with a 
critical radius given by the expression : — 

^ “■ V 2 gp(s - p) 

using the nomenclature previously employed. 

Taking v = 0*0115 c.g.s. unit for water at is'" C., for a coal 
particle of specific gravity 1*3 and a sbftle particle of specific gravity 
2*5, the critical radii are, for coal 0*012 cm. (^ 0*0041 in.) and for 
shale, 0*0047 ^^* 0*0019 in.). By experiment, ('ooper and 

Wilson (loc. cit.) determined th# critical diameter as being about 
0*01 in.*‘for a number of different substances, including coal and 
dirt. Von Jungst (Gliickauf, 1914, 50, 6) gave the smallest size 
of coal that can be settled in water as varying from 0*02 in. to 
o*oo8 in. 

The.se figures indicate that only those particles of sfiialler size 
than about o*02 in. fail to obey the ordinary laws of fall, and, con- 
.seqiiently, only particles smaller than 0*02 in. in.) should form 
.slimes. lu practice a in. screen requires a considerable ground 
space, and is difficult to operate (especially if the coal is not quite 
dry), and it is more convenient to renjove all the coal passing 
through, say, a in. screen, or to remove the dust by elutriation or 
by aspiration. Even then slime formation is not eliminated, for some 
fine dust will remain in the coal and more fine dust will be produced 
by the mechanical stresses arising in transporting the coal to the 
dasher and ill washing. 

It should bp observed that thp formuhe dealing with the motion 

of fine particles are applicable only to spherical particles, whereas it 

• • 

• Passing 5o»niesh scre€;/l. Standard screen size not specified. 
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« • 

is known that the shape of coal dust particles is very irregular. The 
sjubject of the influence of shape on the behaviour of particles during 
fall is one of considerable, but as yet undetermined, importance. 

• It should be recalled that, when considering the fall of thcr 
particles of such a size that they are unaffected by the viscosity of 
the medium, two constants were introduced, a and b, the former 
being a volume coefficient, the second a cross-sectional area co- 
efficient. These two constants might, perhaps, be unnecessary if 
the linear dimension r were referred to the specific surface * of the 
particles, and not to the radius of the equivalent sphere or to the 
diameter of the screen hole through which the particles pass. The 
specific surface of a body may be defined as its outer surface area 
divided by its weight. It is on account of variations in the constants 
a hnd h with different sizes and shapes of particle, that de Caux 
found and introduced varying values of the composite term 



Washing in Dirty Water with an Effective Specific Gravity 
greater than that of Clean Water. — If it be assumed that the 
total amount of solid material in suspension is sufficient to 
raise the specific gravity of the washing water to i-i, the formulae 
which have been deduced for the velocity of particles under different 
conditions require modification. The conclusions drawn from these 
deduced formulae do not, however, require revision ; the effect upon 
them is one of degree only. J'he modification suggested by Lincoln 
is as follows : — 

For the ultimate velocity of fall of a particle, the value 
V -•= K r{s - 1-1) 


must be substituted for the formula V ^ K \/r(vS “ i). Similarly, 
the linear ratios of equal falling particles are 


Li 


5 o J*I. 1 j. .So 'I 

instead of — • 

.S'l — i-i - i 


For coal of specific gravity 1*3 and shale of specific gravity 2*5, 

• • 


'1 __ ^ '4 7 
^2 “ 0*2 1 


in a liquid of which the effective specific gravity is ineneased to i*i 
by the suspended solids. It has previously been stated that, in 
pure water, the specific gravity of which is t , 

^‘5 ; 5. 

^2 I 

The Chance washer depends for its action upon the increase in 
• See Williams, Tram. FaradS^ Soc., 192%, iS, 87. 
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density of the washing water by the suspension therein of a finely 
divided solid. If, in this process, the specific gravity is increased to, 


ft 1*2 

1*3, the ratio - becomes equal to — 
^2 ^ 


is unnecessary. 

It therefore follows that an increase in the specific gravity of the 
washing water by the suspension therein of fine particles increases 
the size ratio of equal falling particles. It should, therefore, increase 
the ease of separation of coal from dirt. For, whereas in practice it 
is not difficult to separate large coal particles from large dirt particles, 
or medium-sized coal particles from medium-sized dirt particles, it is 
relatively difficult to effect a complete separation of large coal 
particles from small dirt particles, especially when the sizes are such 
that the particles have equal terminal velocities. 

The widening of the size ratio of equal falling particles by the 
use of a medium of higher specific^gravity than unity should reduce 
the chances of equal-falling particles of coal and dirt being present 
in a sample of raw coal fed to a washer, after sizing between two 
limits. For example, if the feed coal is screened between the limits 
I in. and 2 in. and the size ratio of equal-falling particles is 5 -to i 
(as with water S.G. i), there is no separation between I in. dirt and 
i| in. coal. If, however, the size ratio of equal-falling particles is 
7 to I, then f in. dirt would be separable from all coal smaller than 
3 | in. 

A washery manager always prefers to use clean water, since he 
usually finds that more satisfactory cljjgtning is thereby obtained in 
practice. These two statements (one, from theory, that water of 
higher density than unity should aid the separation of those particles 
which are most difficult to sepan^,e ; and the other, from practice, 
that separation is not aided) are conflicting and require reconciling. 
The first explanation that suggests itself is that the extra ash con- 
tent of a washery product when washed in dirty water is due to the 
film of dirt around each particle. This explanation, however, is not 
.sufficient to account for the increase in ash content sometiuaes fetund 
in practice. It is not, therefore, capable of explaining the facts 
entirely. It does, no doubt, have some psychological influence, for 
the dirt film destroys the (Jean lustrous surface of wet coal washed 
in clean water, and the washery manager is further prejudiced 
against the dirt film because it retains moisture and prevents 
adequate drainage in the hoppers. Were these fhe only difficulties, 
they could easily be eliminated by efficient spraying after washing. 

The probable reason for the inefficiency of washing in dirty water 
may be seen by expressing the size of coal and dirt particles in terms 
of the velocity of water required to cause them to ascend in the 
upward current^ of the jig. It has been shown that the velocity 
required to keep a particle in suspension is : — 


W Vr{s 
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The minimum current for coal and dirt gives the following relations ; 

W* , W* 

~ K2(si-- I) “ 'K2(S2 - I). 

If 52 — I is replaced by Sg — i*i, W remaining constant, the value 
or ^2 is increased. Consequently, dirt particles which could not rise 
in a current of clean water would rise in water with an effective 
specific gravity greater than unity it the same speed of water current 
were employed. The washed coal, jn these circumstances, would 
coritain more dirt particles than^when clean water was used. 

It seems desirable to inquire how the advantage of using dirty 
water .suggested by theory could be achieved in practice. There is 



Fig, 6. — Terminal Velocities ol Fall. Coal and Dirt Particles in Liquids of 

S G. 1*0 and II. 

sometimes a shortage of water at a colliery, and frequent changes of 

the water ire expensive. If by a modification of the process, or an 

adjustment of the washery, good results could be obtained with 

dirty water, this expense miglit be reduced considerably. 

Fig. 6 shows the terminal velocities® of fall of coal particles 

(S.G. i'3) and of dirt particles (vS.G. 2*5) of different sizes in clean 

water (S.G. i) and ^irty water (S.G. i-i). The terminal velocity 

of fall in clean water has been shown to be V = K \/r{s^— i). In 

dirty water, the equation of motion becomes : — 

ar'^s dv .. , 2.7 9 9 / \ 

--- , _ “ ar^p ~ kbr^v^p . , ^ . ( 24 ) 

g dt r r ^ \ 

where p is the specific gravity of th^water Solving this equation : — 
V=^KsJl{s-p)^ ...... .’( 25 ) 
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• The terminal velocities from which the curves in Fig. 6 are con- 
structed are shown in Table 45. In obtaining these values the con- 
stant K has been given the values found by de Caux for coal and 
dirt, these values being more probable values for different sizes than 
Rittinger's universal constant. 

Table 45. — ^ 1 T:rminal Velocities of Fall of Coal and Dirt 
Particles in Still Liquids of S.G. i-o and S.G. i-i 


Terniitial Velocities of Fall (ft. per sec.) 


Size. 

in. 


Liquid S.G. 
Coal. I 


1 -o. 

Dirt. 


Liquid S.G. 
Coal. I 


1-1. 

Dirt. 


04 
1 _t. 

8 4 

l-l 

hi 

r>_3 
K 4 

14 “14 
1.1-2 


0-236 

0-51 y 

0-356 

0-771 

0-463 

o-g82 

0-546 

i-i6g 

o-brq 

1-326 

0-688 

1-474 

o-8i6 

1739 

o-()3o 

I -()72 

1-041 

^•163 

^•^53 

2 -()I 0 


0-184 

0-479 

0-277 

0-711 

0-361 

0-905 

0-425 

1-076 

0-482 

j-222 

<^- 53 f> ' 

J- 35 « 

o-63() I 

1-605 

0-725 

I -81 '7 

o-8ti 

2-011) 


2-405 


It may be .seen from Fig (> that the mimmimi velocity of current 
required* to bring up 2 in. coal is 1-255 it. per second (partiGes being 
bought up ])y any current just faster than their own terminal 
velocities of fall in a still liquid). Suppose tiiat the coal wa.shed 
were sized before washing between /I-.-in. mesh and 2-in me.sh. All 
the coal would ri.se. In Fig. 6, a current speed of 1-255 If- per 
second cuts the curve for dirt in clean water at the size*,-;, in. No 
dirt would therefore be brought up with the coal since' the dirt 
below j'J. in. was removed on the screens. 

Suppo*se now that the same screened coal were washed in water 
of specific gravity i-i. All the coal is again brought up by a current 
of 1*255 ft- per second. In addition, ah dirt erf .size in. to \ l in. 
would also rise with the coal, and the cleaned product would be 
dirtier than if wa.shed in fresh water. 

If, however, a current speed of i ft. per second were used with 
water of specific gravity i*i, all the coal would again rise. But a 
current of i ft. per second cuts the curve for dirt in water of specific 
gravity i*i at*about in. Butlsince no dirt below in. is present, 
no dirt rises with the coa]. ^ There is, in fact, a margin of efficiency 
in these circumstances. Suppose that^a few j-in. dirt particles were 
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not removed from the^-in. to 2-in. coal in screening. In an upwq,rd 
current of clean water of speed 1-255 ft- per second, these particles 
would rise and contaminate the cleaned product. In an upward 
current of dirty water of speed i ft. per second these particles would 
not rise and contaminate the clean coal. 

The most frequent screening limits in jig washery practice are 

0 to f in. and over I in. (say, | to 2 in.). The behaviour of coal and 
dirt particles of these sizes in clean and dirty water can be illustrated 
from Fig. 6 by a similar argument. In clean water with an upward 
current of 1-25 ft. per second, the product from the | to 2 in. raw 
coal would consist of, coal to 2*in. and dirt | to in. Using dirty 
water, at the same current speed, the cleaned product would be, 
coal I to 2 in. and dirt | to {}. in., a dirtier product than with clean 
water. But with a current speed of i ft. 'per second and dirty water, 
the clean product would consist of, coal | to 2 in., dirt | to in. 
The product would therefore be cleaner than when clean water was 
used at the current speed required to recover the largest coal, 
because of the absence from it of the /jv in. to in. dirt. 

Similarly, using o to | in. raw coal and current speeds of 0*46 
and 0-36 ft. per second in clean and dirty water respectively, the 
cleaned product would consist of : In clean water, coal o to | in., 
dirt o to -Jj in. ; or, in dirty water, coal o to | in., dirt o to in. 
The product from dirty water would contain fewer dirt particles 
than that from clean water by rea.son of the absence of the to 
, 7 ^ in. dirt (which may be of considerable proportions). 

In order therefore to obtain good cleaning with dirty water it 
would be necessary to reductr the speed of the upward current (the 
downstroke of the plunger). I'he .speed of the downward current of 
water would also be reduced unless the rate of water supply were 
altered. For rea.sons which haveTrlready been given this. would be 
an advantage. It would seem from the.se figures that better resulf s 
might .sometimes be obtained by using dirty water and a lower rate 
of .stroke of the plunger. If it were possible to make this adjust- 
ment and this were done, the only disadvantages of using dirty 
water would be the film of dirt on the coal particles. This could be* 
overcome by spraying the washed coal with water to remove the 
film, and (if necessary) to reduce the salt content of the coal. The 
water so used could serve as the make-^ip water for the washery, 
and the only extra cost would be that of pumping. 

The above discussion may seem to suggest that jigs washing 

1 to 2-in. coal always leave the | to j'ij-in. dirt in the cohl. This is, 
of course, not the case, for the upward current of the jig only effects 
part of the separation. vSeparation according to density differences 
takes place as the plunger begins to move upward a;jj;er the dowi^ 
stroke, the water being momentarily still (in a vertical direction). 
It is probable that the upward current effects most eff the separation 
down to about yJt in., and that the separation of the dirt below in. 
is more or less confined to the brief intervals between upward and 
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downward currents. That the intervals are brief does not affect 
the efficiency of this separation, because the phase in the motion 
of the particles during which a strict density separation can occur 
is itself only of very short duration. • 

The adjustments that would be necessary to compensate for the 
use of dirty water in an upward current washer would be effected 
much more easily than in a jig washer, and the examples given serve 
to illustrate more exactly the variations of the speed of the current 
that would be required. 


• 

The Influence of Friction Between Particles. — It is reason- 
able to suppose that, although the theoretical treatment 
outlined indicates with some precision the general principles which 
govern the classification of particles by upward or alternately 
upward and downward currents of wafer, it does not determine* 
with any exactitude thf actual a^'celerations to which the' particles 
are subjected in a washer. Though correct in principle, it is not 
accurate in degree. A further approximation may be accomplisiied 
by the following method of treatment * which takes into accounl 
the frictional forces between particles and enables a forniula.to be 
deduced for the acceleration of separation,’' rather than for the 
acceleration of individual particles. 

Let n and i - n repn'sent the proportions in whidi coal and 
dirt are prc.sc'nt in the feed coal, and let /x be the coelficK'id of fi iction 
between coal particles and dirt particles. 

The geiuTal differential equation of motion will then ])v 

arKs dv x 1 1 ^ ^ 

ar'\s ■ i) - khr-v- T ;/(t - n)qji (26) 

in which' c is a function of the conipacLuess n\ tin* material in th(.‘ 
jig. Tli(^ freqiumcy of the contact betwc'cn coal and dirt is repre- 
sented by 71 (i ;i), and the sign of the term 7/(1 - 7/,)rju is " ])lns " 
or minus,” according to whether the equation is applied to rc)al 
or to dirt. The effect of friction is to increase tlu' ratcfif lafl of a 
coal particle as it is dragged down by a dirt particle and, at ihv -..mie 
time, to reduce the rate of fall of the dirt particle. 

The tc^udency of the juass io separate can be calculated Ironi 
this general equation. riie ecjiiatioii for the movement ol the 
particles will be, for coal, 


/I y //7T 

‘ y ‘ ■ j/ - - -I -- >i)cy 

and, for dirt, 

a of 2^^^ ^^’2 / V 7 

— - — i) — kbhr 2^1)2^ -- /z(i — n)cix . 


(^7) 


(28) 


Suggested to us J>y Mr. K. F.^Creig of the Safety in Mines Research Board. 



THE THEORY OF COAL WASHING, ETC 85 

The tendency for separation to take place will be determined by the 
difference, in the rates of acceleration — i.e.y by 

• dt dt ' 


From equations (27) and (28) 

j dv^ ~ dv^ _ ^ ^ _ 

g dt • 



I . 


( 


W , 
+ 

a^ri 


^2^ 2^2/ 


) 


The terms involving v/- are negligible at the beginning of separation, 
and the equation reduces to 

1 dv^~ dv^ ^ / I _ I \ / I I \ ^ 

g V^l ^ J \«2^2 ‘^2 

The separation of coal from Sirt will be most efficient when 

T ^^2 greatest, and this occurs when 

Q/l 


n[j n)ciJi( - 4 

^ V^2^2 -^2 


the frictional term, is a minimuin. 

A number of deductions may be made from equation (29) 
indicating the conditions under which' separation is facilitated or 
made more difficult. Since separation is facilitated by reducing 
the value of the frictional term, the influence of various factors may 
be studied individually : — 

(i.) The Influence of Shape. — and «2 ^re coefficients to convert 
the linear dimensions r into the vMumc of the particle concerned. 
They will have their greatest valuevsjfor particles of elongated bodies 
and their least values for spheres. Separation will therefore be 
easiest with particles of approximately spherical shape, more 
difficult with cubical particles, and still more difficult with flat and 
elongated particles. 

(ii.) The Influence of Size. — ^The values of ^ are greater 

the smaller are the values of and ; ^o that separatiion will be 
easier with large particles than with small particles. 

(iii.) The Influen^ie of Proportion. — n{i — w) is a maximum for 
n == There will therefore be a reduced tendency for 'si^paration 
if coal and dirt are present in nearly equal proportions, and an 
increased tendency for separation the more the number of particles 
of one or other constituent of the mixture prepondera;^ps. ^ 

(iv.) The Influence of the Nature of the Washing Medium. — A 
fluid with lubricating properties will effect a better separation than 
one without lubricating properties. The presence of a small anu)unt 
of fine clay in suspension in the waShirig wattf is probably an 
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advantage from this point of view. When gritty particles, such as 
sand, are suspended in the water (as in the Chance process) or 
magnetite (as in Conklin process) the frictional forces are increased, 
and this factor would decrease the acceleration of separation.'' • 

(v.) The Influence of Compactness . — The factor c will be greatest 
when the particles are fed in bulk, relatively close together, or in a 
condition such that they stick together. It would, therefore, be 
an advantage, from the point of ‘view of separation, to feed the coal 
in a stream of water, so that the particles would be wetted and mpre 
or less separated from each other. before being delivered into the 
washing chamber. Frictional forces will also be less the deeper the 
particles are immersed in the washing water or the thinner the bed 
of material on the screen. , : 

This consideration of the effects of friction between the particles 
does not invalidate the theoretical conclusions that have been pre- 
viously reached with respect to the general principles of coal washing. 
By comparison of the two genera] equations (i) and (26), it may be 
seen that the latter is the same equation as the former with an 
additional term ^ 0 ^/^ added to the right-hand side. For 

average daily operation, the value of this term may be regarded 
as a constant. The proportions of coal and dirt {i.e., n and i — n) 
have a regular and mean value, the compactness of the feed (c) 
and the coefficient of friction between the particles also have a mean 
vahu-. Except tor special purposes, it is satisfactory to group 
these factors under one term which, on any one plant dealing with 
any one type of raw coal, has a constant value. 

If the equations already derived were applied to the motion of 
the particles in the bed of a jig washer, and were revised to take into 
account the influence of friction,#a term would be introduced which 
would include some function of the compactness of the bed, the 
proportions of the coal and shale in it, and some mean coefficient of 
friction. Supposing that the term were represented by A, the 
equation defining the vSpeed of upward current required to cause 
any given particle to rise from the bed would be of the f«rm • 

W = KV r[s(i ± A) — I] 

the expression s(i ± A) — i replacing the expression s — i in the 
earlier equations. * 

The introduction of the influence of friction suggests that the 
limiting size ratio for separation of particles by an upward current 
is lower th*an given by the relationship 

ri _ 52 - I 


^or the revised relationship would take the form 

. ^ 30 ) 

For coal and sfiale of sfU'cific gravj^iies i-3 and 2-5 respectively, 
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the ratio of sizes becojbries 5 — 9A to i, which, for all positive values 
qf A is les,s than the original ratio of 5 to i. Until research has been 
undertaken to determine whether A is of the order 10“^, lO""^, or even 
io~^, the precise influence of frictional resistance can hardly be 
estimated. 

It may, however, be responsible for the fact that the separation 
of coal frojn dirt is often more difficult than is expected. Suppose, 
for example, that A were to be equal to 0-4. Then for '' pure " 
coal and impure " coal particles of specific gravity 1*3 and 1*5 
respectively and each of size 

Vi = K\/ri[i-3 (T + 0*47 - 1] = KV 0^2 
Vg = — tM) ^i] = KV 0 — o~ir\ 

The value of V 2 is an imaginary quafttity, and it would therefore 
be impossible to effect a Separation of the coal and dirt particles by 
any method depending exclusively for its action upon their terminal 
velocities of fall in water. 

EXPERIMENTAL INVESTIGATIONS OF THE FALL 
OF PARTICLES IN LIQUIDS 

The experiments of Richards have already been referred to 
briefly. Richards’ classical researches on the fall of particles of 
galena and quartz in water showed that the transition from the Law 
of liddying Resistance (V K \/r{s i) to that of Viscous Resistance 
(V -- Ki(s i)r^), though well defined, was essentially a mergence 
of one into the other. Each is a logarithmic law, and, for a given 
material, they may be stated : — 

Log V = log R •[- I log r 
and Log V — log Ri + 2 log r 

where R and R^ are constants including the terms K, K^, and (5 — i). 

When the logarithms of the size of particles of quartz or of 
galaia aue plotted against the logarithms of their terminal velocities 
of fall in water, the curves are continuous, but sliow a change of 
inclination at the critical values. For quartz and galena Richards 
found these to be as follows : — 

Crjticiil Velocity. Critical Diameter 
mm. per sec. mm. 

Quartz * . . . .28 ci-2() 

Galena . . . • f >3 0 'i 3 

In the Law of Viscous Resistance, as stated, the index of the 
diameter of the particles is Richards found, hov^ever, that tjje 
formulae could be written more accurately : — 

Log V log 89 L 0-67 log r for quartz. 

Log V = log 240 + 07ilog r for .galena. 


and 
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in each case the term s — • i being included in* the constants 89 and 

Similar researches of a more recent date have confirmed Richards* 
conclusions and data, and others have shdwn that, for the Law o£ 
Eddying Resistance, the index of r is seldom 2, but is generally 
between 175 and 2. 

The fall of particles in water has been examined photographically 
by Gooskov {Bull. Soc. de Vlnd^ Min., 1910, 12, 163 ; and Fuel, 
1926, 5, 340), and by Schultz (Thesis for the Degree of Doktor- 
Ingenieur of the Technische Hochschule, Dresden, and the 
Bergakademie, Freiberg, 1914). 

Gooskov and Schultz both used cinematographic methods to 
determine the terminal velocities of falling particles. Schultz used 
single particles, but Gooskov used aggregates (50 gni.) of coal and 
shale particles. In a mixture of coal and shale particles of equal 
sizes, the shale particles were always found to fall more rapidly than 
the coal particles. The Average velocities in falling through Goos- 
kov*s vessel and the terminal velocities, are shown in Table 46. In 
general the particles fell less than 0-2 metre before acquiring their 
terminal velocity, the requisite distance of fall being less for the 
larger particles than for the smaller 

Table 46. — Avekage and Terminal Velocities of Fall 

Mm. per Sec. 


Size (mm.) 

Average Velocity. 

Coal. 1 Shale. 

• 1 

T crminal 
Velocity. 

Shale. 

1*6 to 

2-5 • 

60 

1 

100 

133 

2-5 .. 

5-0 . 

83 

150 

200 

5-0 .. 

7-5 ■ 

no 

180 

220 

. 7-5 .. 

lO-O . 

107 

137 

^57 • 

lo-o „ 

I2'5 . 

128 

170 

180 

12-5 

15-0 . 

145 

234 

305 



- _ 

! 






Schultz used rough and smooth particles of various shapes and 
consisting severally of coal, marble, zinc Blenda^ iron pyrites and 
galena. He* made extensive experiments confirming Rittinger*s 
theory, but indicating that the values of Rittinger's constants required 
revision. 


THE HENRY THEORY OF COAL-WASHING 

The Henry theory of coal washing [Rev. Univ. des Mines, 

6, 246^ is based on ^iaboratofjf tests performed by M. Henry, who, 
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instead of examining fhe fall of particles in water, investigated tjie 
classification of particles in an upward current. The researdh, 
therefore, started with 
conditions comparable 
to those used in prac- 
tice, and was empirical 
rather thjan funda- 
mental. 

Henry’s first appa- 
ratus is shown in Figs. 

7 and 8. It consisted 
of a U-tube, C, con- 
taining a cock, R. To 
one arm was fitted a 
device for supplying 
water -at a constant 
head of pressure, and 
the other arm, con- 
taining a vertical tube 
t, was fitted with a 
spout The cock R 
was calibrated to give 
known velocities of 
water at a given head. 

Particles of coal and 

shale were placed in ^ — Henry Apparatus : General Assembly, 

the U-tube, and the 

water current caused some of them to overflow from the spout, B, into 
a funnel, E, from which samples could be trapped and collected. 
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•With an “average” sample of coal, Henry found that close 
screening was required in order to achieve any separation of coal 
and shale. Postulating conditions that 

(a) All particles with an ash content greater than 50 per cent*, 
must pass without fail as shale, 

(b) All particles with an ash content less than 10 per cent, must 
pass without fail as coal, 

he found that for coal between' 0*5 mm. and lo-o mm. in size, it 
would be necessary to screen between the following limits : — 


0-5 to 0*8 mm. * 2-5 to 4-0 mm, 

,, 1-5 „ 4-0 ,, 6-2 ,, 

.. 2-5 „ 6-2 ,, lo-o ,, 
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upper vessel, A. This deposit, D, took the form of a wedge, the 
longer side having a definite angle of inclination, a. When materials 
other than coal were used, similar conditions arose, but the angle a 
had a different value, Henry considering the angle to be character- 
istic of the density of the material used. Thus, for coal, a had a 
value of 3° 7' ; for shale, 6° 45' ; for sand, 13° ; and for zinc blende 23°. 
The angle -of inclination was independent of the size and quantity 
of material introduced into the circuit or the velocity of the water. 

.Henry, therefore, put forward a formula tan a = A(s — i), k 
being a constant and 5 the specific gravity of the material. For coal, 
shale, sand and zinc blende, k was found experimentally to equal 0-14. 

In* support of the formula, Henry adduces theoretical reasoning. 
H§ considers the particle to have an average vertical velocity, and 
an average horizontal velocity, the ratio of the two being the tangent 
of the characteristic angle of inclination. He calls this a rudder 
law,” * *and states it as follows < In a medium which is discon- 
tinuous but homogeneous, such as a crowd of particles, a constant 
acceleration can communicate to a movable particle only a mean 
uniform motion given by 

= KC, = constant (31) 

where C/ is a time constant depending upon the nature of the 
particle and the medium. 

He considers that, in a jig coal-washer, the particles are subject 
to a series of brief accelerations during the upward currents, which 
result in a uniform vertical motion, defined by 


^ g X constant (32) 

This is the average vertical velocity. The average horizontal 
velocity is that imparted to a body of diameter and specific gravity 
s by a current of velocity V and specific gravity (t (for water ct — i). 
I'his acceleration, is defined by 


^V2 


X 


Whence, 



X ^ X 

(7 

s r 


a 


( 33 ) ’ 

(34) 


From his law, tlje average horizontal velocity, v,„ is multiplied 
by a time constant, whence. 


tan a = = ^g(s - i)y '2 X C, (35) 

Having found by experiment that, for a particl# of any givAi 
material, • • 


V* = cr . 

• • 

* ^oi gouvernaflLe. 


> (36) 
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c being a constant, the formula may be written 
tan a == -g(s - i) - 

Or, tan a = ^(s - i) (37)* 

The theoretical basis of Henry’s theory is somewhat obscure, 
and the means of applying it to the conditions obtaining ip. the bed 
of a jig-washer are not obvious. J'here is a considerable significance 
to be attached to his experimental data, but whether the correct 
significance has been attached to them is uncertain. Equation (32), 
for the average vertical velocity o*f particles submitted to inter- 
mittent upward currents, would presumably be equally applicable 
to a falling particle. The same velocity, according to Henry’s 
theory, would be attained By a particle falling from rest in a still 
liquid if its fall were periodically arrested and subsequently con- 
tinued. If the equation be writtei^ : - 





X constant 


it immediately recalls the equation : — 


dv 

dt 



based on Rittinger’s theory, for the initial acceleration of a particle 
falling from rest in a still liquid. If this particle fell for a brief 
period of time, were arrested and again allowed to fall, its average 
motion for an appreciable falling distance would be uniform and 
would be given by the equation : — 


V 



X constant, 


the constant referring to the time occupied in falling and in arrest. 

This equation, evolved directly from Rittinger’s theory, is 
identical with that put forward by Henry. It lias already Been 
shown that, by means of this equation, Rittingcr’s theory is capable 
of explaining the ability of a jig- washer to separate coal and shale 
of widely different sizes. Penry's equation for horizontal motion 
would therefore seem unnecessary, and, indeed, to complicate the 
issue. 

There are other facts also wliich suggest thaf Henry’s theory is 
merely another method of stating Rittinger’s theory. Equation (35), 
for example, may be written : — 


Oi. % 





>' c,. 
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If tan a is a constant for any given material, the equation 
becomes. simply Rittinger’s equation: — 

y = K VrF^)- 

In the words of Richards {Ore-Dressing, Vol. III., p. 1423), 
" Rittinger’s K seems to be made up of /V 2g, where / is a factor 
due to friction,” and tan a is a common expression for the coefficient 
of friction’ of a particle on a plane. , 



CHAPTER V 

THE HISTORICAL DEVELOPMENT OF COAL-Cl-KANING PRACTICE 

• 

The important roles played by metals such as iron, copper, tin, 
lead, silver and gold in the development of civilisation have caused 
much attention to be paid to processes for the economical extraction 
of the metallic elements from their ores. Metalliferous ores are 
found ill nature in association with earthy or sandy material, of 
much lower density, and, as a preliminary to processes of roasting 
and reduction, methods of enrichment by hashing have been devised 
from very early times. ^ , • ' 

The earliest methods used for coal washing were adopted from 
ore-dressing practice, so that it is desirable at the outset to refer, 
briefly, to ore-dressing methods, and to show how they have been 
applied to the cleaning of coal. 

EARLY METHODS OF ORE CONCENTRATION 

Probably the oldest method of ore purification, namely, by 
alluviation, in buddies, strakes, or troughs, was .suggested by the 
stratification of materials which takes place in a river bed. This 
phenomenon was utilised in natural or artificial streams to separate 
gold ores, for example, from the associated sandy material. Dams 
were used to aid the control of the operation by restricting the 
movement of the heaviest particles, and allowing the lightest 
material' to overflow. Agricola, in the first known book on ore- 
dressing practice “ De Re Metallica,” Basle, 1556 (see English 
translation by H. C. and L. H. Hoover, London, 1912), records that 
buddies or troughs were in use at that time, whilst the hand-operated 
j igging sieve ‘ ‘ has recently come into use by miners. ” Thfl operation 
of jigging is described in the following words : " The metalliferous 
material is thrown into it (the sieve) and sifted in a tub full of water. 
The sieve is shaken up ajid down, and by this movement all the 
material below the size of a pea passes through into the tub and the 
rest remains on the bottom of the sieve.” , The material remaining 
on the sieve was also stratified according to doisity, and was then 
divided, the lighter valueless material on the top being scraped off, 
leaving a valuable ore. The material which passed through the 
sieve was washed a second time, with a layer of gravel or small 
«tones laid 0# the bottom of the sieve to prevent the sandy material 
from passing through again. This latter practice foreshadowed the 
employment of a feld.spar bed for the washing of fine coal, which 

Liihfig introduced, at a mtloh later date. The introduction of the 

• • — . 
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jigging sieve, which Was a great improvement in the methods em- 
ployed for the dressmjg of ores, was due to William Humphrey, 
Assay Master of the Mint, Tower of London, in Agricola's day. It 



Fig. 10. — Trough Washers used prior to 1556 (Agncola) 


is possible that he learned of it from the German miners, in England, 
with whom he was associated. • % 

Agricola, referring to strake^or trough washin^^, says : “ This 
method of washing was first devised by the miners who treated tin 
ore, whence it passed on from the works of thejtin workers tcf those 
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of the silver workers and others ; this systera is even more reliable 
than washing in jigging sieves." . 

A trough washer used prior to 1556 for tin ores is illustrated in 
Fig, 10. A boy threw tin stone mixed with mud into the cross 
launder, whence it passed to two strakes or troughs, D, in streams 
of water. Two sitting workmen with one hand turned handles, 
which operated wooden rakes or scrubbers, K, to stir up .the settled 
material and allow the mud ta pass forward. In the other hand 
each workman held a second rake, L, with which "he ceaselessly 
stirs up the concentrates or tinstone which have settled in the upper 
part of the strake." The mud was washed forward to a transverse 
launder, E, and a settling pit, F. 

The frontispiece illustrates early methods used for conveying, 
screening and jig washing* of ores. The story is best told in the 
words of the Hoover's translation of Agricola's book (p. 290) : 
" At Neusohl, in the Carpathians^ there arc mines where riie veins 
of copper lie in ridges and peaks of the mountains, and in order to 
save expense being incurred by a long and difficult transport, along 
a rough and sometimes very precipitous road, one workman sorts 
over the dumps which have been thrown out from the mines, and 
another carries in a wheelbarrow the earth, fine and coarse sand, 
little stones, broken rock, and even the ])C)orer ore, and overturns 
the barrow into a long open chute fixed to a steep rock. This chute 
is held apart by small cleats, and the material slides down a distance 
of about 150 feet into a short box, whose bottom is made of a thick 
copper plate, full of holes. This box has two handles by which it 
is shaken to and fro, and at the top there are two bales made 
of hazel sticks, in which is fixed the iron hook of a rope hung from 
the branch of a tree or from a \y:)oden beam which projects from 
an upright post From time to time a sifter pulls this box and 
thrusts it violently against the tree or post, by which means the 
small panicles passing through its holes descend down another 
chute into another short box, in whose bottom there arc smaller 
holes. A second sifter, in like manner, thrusts this box, violently 
' against a tree or post, and a second time the smaller particles are 
received into a third chute, and slide down into a third box, whose 
bottom has still smaller holes. A third sifter, in like manner, 
thrusts this box violently •against a tree or post, and for the third 
time the tiny particles fall through the holes upon a table. Whik‘ the 
workma n is bringing in the barrow, another load uiiiicli has been sorted 
from the dlimp, each sifter withdraws the hooks from his bale and 
carries away his own box and overturns it, heaping up the broken 
rock or sand which remains in the bottom Of it. As for the tiny 
particles whicji have slid down upon the table, the first washer — for 
there are as many washers as sifters — sweeps them off and in a tub 
nearly full of Water, washes thenf through a sieve whose holes are 
smaller than the holes of t^ie third box. When this tub has been 
filled with the matgrial whichb^as passec^ through the sieve, he draws 
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out the plug to let the water run away ; then he removes with a shovel 
that which has settled in the tub and throws it upon the table of a 
second washer, who washjss it in a sieve with smaller holes. The 
sediment which has this time settled in his tub, he takes out and 
throws on the table of a third washer, who washes it in a sieve with 
the smallest holes. The copper concentrates which have settled in 
the last tub are taken out and smelted ; the sediment which each 
washer has removed with a limp is washed on a canvas strake. 
The sifters at Altenburg, in the tin mines of the mountains bordering 
on feohemia, use such boxes as I Jiave described, hung from wooden 
beams.” 

Alluviation and hand-jigging were used in Cornwall, during the 
sixteenth century, for the enrichment of^tin, copper and lead ores, 
and in Derbyshire and Cumberland for lead ores. They were also 



Fig. 1 1. ““ -Mechanically-operated Movable-Sieve Jig for Ore-Dressing. 


practised in the famous argentiferous lead mines of the Hartz 
Mountains *of Hanover, from which district so many mechanical 
improvements in ore-dressing methods have been introduced. 

At a later date the hand-jigged sieve was replaced by a lever 
and balance weight apparatus by means of which the sieve could 
be more readily moved upwards and downwards. The next im- 
provement in ore-drqfsing methods appears to be due to a Cornish- 
man, Petherick, who, about 1830, used a fixed sieve, and* obtained 
the jigging motion in the water by the use of a piston worked by a 
hand lever {Quarterly Mining Review, 1832, see Proc. Inst. C.E., 
1857-58, 17, 210), and this is the method which is chiefly in use at 
the present time, except that the motion of the water* is produced* 
mechanically. • 

Fig. II illustrates a movable-sieve jigging machine, operated by 
steam, and used for copper ores in Coiljwall (Henderson, ” On* the 
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Methods Generally Adopted in Cornwall in Dressing Tin and Copper 
Ores/’ Proc. Inst. C.E., 1857-58, 17, 195). The method of operatiqn 
of this machine may easily be followed from the illustration. A 
layer of iron pyrites was laid on the sieve. The finer material passed 
through the bed during jigging. Afterwards the upper layer of 
light gangue was thrown away, the middle layer was rejigged, and 
the lower layer was suitable for use. 

Fig. 12 illustrates a Petherick fixed-sieve — or piston — jig, operated 
mechanically, which was used at the Par Consols Mine, Cornwall 



Fig. 12, — Mechanically-operated Fixed Sieve. Petherick Jig for Ore-Dressing. 

(Henderson, loc. cit.). Fftur cylindrical chambers were disposed in 
a wooden tank about a central cylindrical piston chamber, so that, 
when the piston was depressed, an upW.ard water current passed 
through tfie copper ores in the four washing chambers. After jigging 
for a suitable period, the classified fractions would be recovered 
in the way previously described. 

» • 

EARLY METHODS OF COAL CLEANING 

yhe object of processes for dressing metalliferous ores was the 
enrichment of material wl!i<Jh might contain only a few per cent, of 
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valuable metal, and iti which the heavier, and much of the smaller- 
sized, material might be of great value. The conditions under which 
coal was obtained were, however, quite different. In the first half 
of the last century small coal had comparatively little value, and 
large pieces of coal could readily be freed from adventitious mineral 
matter by hand picking. 

The co^iditions in England were favourable for this selective 
mining, for rich thick seams, comparatively free from ash, and 
yielding relatively strong lumps of coal, were available. On the 
Continent, however, in certain districts, the conditions were not so 
favourable, the coal being more friable and the amount of dirt 



• Fig. 13. — Hand-operated Movable-Sieve Coal Jig (1830). 


included with the coal was frequently high. It was on the Continent, 
therefore, that the elimination of dirt from coal by washing first 
attracted attention. The first appliancf? to be used was a liand- 
lever operated movable-sieve jig at Freiburg, Saxony, about 1830 
(Gleinitz, etc., “ Dii Steinkohlen Deutschland und anderer Lander 
Europas,” Munich, 1865). It is possible that this method for coal 
washing was suggested by a similar method used for the enrichment 
of ores at Clausthal, in the Hartz district, in the neighbouring State 
of Hanover. ^ ^ 

By the upward and downward movement of the sieve in water, 
the raw coal on the sieve was stratified according to density differ- 
ences, the heavier dirt particles settling towards the sieve, \ghilst 
the lighter coal particles remained atVhe top ef the bed. When 
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the separation was thought to be complete, tfie jigging motion was 
stopped and the upper layers of clean coal were removed. This 
type of washer is illustrated in Fig. 13. The movable-sieve washer 

allowed a rapid and uniform 
upward movement of water 
through the coal when the 
sieve moved downwards, 
and, by adjusting the 
balance weight on the lever, 
the upward movement of 
the sieve could be retarded. 

The next stage in the 
development of coal-cleaning 
practice was the use of' a 
fixed sieve, the water being 
made to move through the 
coal instead of the coal 
through the water. Al- 
though the principle was 
first applied by an English- 
man, Petherick, for ore- 
dressing, it was first applied 
to coal cleaning in Saxony, 
where it was used near 
Dresden about 1840 
(Koettig, Die Steinkohlen 
des Konigreiches Sachsen, 
Leipzig, 1861). The jigging 
motion was obtained by the 
use of a piston, operated by 
a hand lever. Each wa.shing 
box was divided into two 
compartments, so that 
during the dowi;strok^ of 
the piston in one compart- 
ment there was an upward 
movement of water (and 
consequently of the coal) in 
the other section of the box. 
On the upstroke of the piston 
the coal settled again on to 
the sieve. 

This type of coal washer 
was introduced into the 
Westphalian coalfield at Victoria Stinnes Colliery in 1849, and was 
adopted at a number of collieries in the same coalfield in 1853 
(Sommer, Die Aufbereitung jder Steinkohlen, Berlin, 1905). It is 
illustrated in Fig, #14. Coal^of 6 to 70 ffim. (^ to in.) size, after 
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being freed from the coarsest dirt particles by hand picking, was 
washed in this apparatus, and then re-mixed with the unwashed 
fine coal and cru^ed larger coal, the mixture being used for coking 
purposes. 

The method of concentrating by alluviation instead of by jigging 
was, apparently, first employed for coal washing about 1841, 
in France- and Belgium, where a number of washers of this type 
were built (Dingier s Polytech, Joufn., 1850, 118, 275). An early 
tro.ugh washer at Commentry, France, is illustrated in Fig. 15 
in longitudinal section. Several pairs of troughs were connected 
to a supply trough, a (set at right angles to the washing troughs). 
One ^ch connecting trough, /, is shown in Fig. 15. The water 
flow to each trough was controlled by th^ gate, g. In each washing 
trough the heavy dirt ^nd the large coal were deposited in the 
compartment, b. The lighter dirt and medium-sized coal were 
collected in the section, c, and tlic purified coal was obtained in 
the last section, from which it was collected in the transverse 
trough, e. 

The washing of coal in troughs does not appear to have made 



much progress during the early part of the nineteenth century, and ' 
the invention of a continuous jig jivashcr by a Frenchman, Berard, 
in 1848, acted as a stimulus to coal washing in jigs. The continuous 
jig washer did not owe its origin to metalliferous ore-dressing . 
practice, as was the case with earlier coal-washing appliances, but 
was specially designed to meet the needs of coal cleaning. In 
coaWleaning practice the product had a low value as compared with ^ 
the product of ore-dressing, and the feed contained a smaller amount ’ 
of useless material to be eliminated. In ore-dressing practice the 
high value of the ore permitted the use of an intermittent process, 
whilst, in addition, it was often desirabfe to divide the crude ore 
into two or three useful products, as well as to remove the valueless 
sandy material. Tliis division was facilitated by the^use of an 
intermittent process. In coal cleaning, which involved the handling 
of large amounts of material of relatively low value, the advantages 
of a continuous process were immediately appreciated. Although 
Berard's process was only invented in 1848, and wa^ patented ii^ 
England in 1849, James Morrison, in 1849, bought cheaply the fine 
screened slack from the agent oiWie Earl of Durham and erected 
a Bdrard washer at Newcastle to cleaji,it. He also built beehive 
coke ovens to use the washgd slack, and produied a good quality 
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coke from material which was previously thought to be worthless 
'fhe cost of washing was said to be x\d. per ton of slack. • In 1851 
Berard washers had been built at Loire, Creuzot. Moliere, Besseges 



and Spinac, in France, and at Molenbeck St. Jean, Brussels, in 
tBelgium. la 1853 it was introduced into Germany, in Westphalia, 
and, in 1873, into America. 

The main features of the Bt^ard jig were an elevator, a con- 
tinueus screening apparatus, a series of wash-boxes, refuse-release 
valves, and means* to remove the coa],from the wash-boxes. The 
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elevator consisted of an endless chain of buckets, passing over top 
and bottom polygonal drums, driven by shafting which was mounted 
in suitable pedestals secured- to a strong framework. The elevator 
easing was provided with a gate valve to regulate the amount of 
coal passing into the buckets. 

The sieving apparatus consisted of a rotating cylindrical or 
truncated conical sieve, or a horizontal rectangular sieve, to which 
a circular motion was imparted to.aid separation. By this means 
the raw coal was divided into four fractions, each of which was 
transported by a shoot to a separate wash-box. The four wash- 
boxes, each of which measured 9 ft. 2 in. by 4 ft. in horizontal 
section, were made of cast iron and were set adjacent to each other. 

. Fig. 16 represents a Berard washer and also illustrates a further 
feature introduced by Berard, namely," the crushing of the larger 
coal before washing. In fhe plant illustrated, however, the separator 
or cylindrical sieve was not emplcg^ed. Coal was unloaded from the 
wagon, a, into a hopper, i, from which it passed over a screen, c, of 
3 in. mesh. The coal over 3 in. mesh rolled down on to a platform, e, 
where it was broken by hand with a maul ; the coal less than 3 in. 
size passed through the screen on to one of ^ in. mesh. The screening 
was aided by agitation caused by the cam, d. The finest coal passed 
through the I in. sieve into the shoot, g, and the coal of intermediate 
size passed through the roll crushers, /. The whole of the coal was 
collected in the pit, h. From this point it was taken to the wash-box 
by the bucket elevator, i, and the shoot, j. In the wash-box the 
jigging motion was caused by the movement of the cylindrical 
piston, /. The washed coal flowed over the weir, w, over a draining 
sieve, r, into the wagon, n. The dirt which settled on to the sieve 
was removed through a gate valv^at one end of the sieve, governed 
by means of the lever, 0. The dirt moved down the inclined side of 
the wash-box, and was removed by operating the sliding door, //, 
at intervals. 

The classification of coal into different sizes as a preliminary 
stajge in i:oal-washing practice was a new and distinct feature of 
Berard 's washer. 

Fig 17 is a view of the first known coal- washing appliance built 
in England, the Berard washer introduced by Morrison in 1849 
(Birbeck, Trans. Chest, and Derby Inst^ Eng., 1872, i, 79). It is 
stated by Schennen and Jiingst (Aufbereitung, Stuttgart, 1913) 
that Berard also introduced a differential mechanism, consisting of a 
crank and link lever, to make the upward water currenFfaster than 
the downward current, and so overcome the detrimental effect of 
” suction " on the upstroke of the piston. He also admitted water 
below the piston. It would appear that in the Berard washers 
built in Great Britain a simple crank was u.sed (as in Fig. 17). 

The velocity of the downwarti currents of water was, however, 
reduced in Berard's jig by admitting .water through a flap^valve 
underneath the piston durjpg its upward mover^^ent. Considerable 
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variation seems to have been made in the frequency of the strokes 
of the piston, of which there were from 33 to 150 per minute. Thp 
dimensions of the wash-boxes were also varied in a number of plants, 
doubtless in an attempt to overcome wliat was found to be the 
greatest defect of the washer, namely, that the speed of the water 
current was not uniform over the whole area of the sieve. This 
defect was, in part, due to the incorrect proportioning of the areas 
of the sieve and of the piston, and in part to the shape of the lower 
portion of the wash-box. The direction of travel of the raw coal 
through the wash-box was from the division plate to the opposite 
side, that is, at right angles to the ^direction of travel which is now 



Fig. 17. — Beraul Washer built in Fngland (i84(i). 


adopted in jig washers. As a result the coal was subjected to water 
currents which were not uniform. 

. It was claimed that 10 tons of coal could be washed* per liour 
by each washer, at a cost of about id. per ton. The capital cost 
was £400, and the water requirements 2,000 gallons of water per 
day. . 

After BtTard had demonstrated the commercial possibilities of a 
continuous process of coal washing, many attempts were made to 
design othsr continuous processes on rather efifferent lines. F'or 
several years following the introduction of Berard’s washer, a 
number of jigging machines were devised, but as the principles of 
classification by jigging were but little understood, many of the 
machines were cumbersome, and all lacked the simplicity of Berard’s 
jig, though they incorporated its faults. This state of complexity 
led the Societe de ITndustrie Minerale to appoint a committee, in 
i856,*to investigatfj the marks of the numerous jigging machines 
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which had been devised. The committee concluded that no one 
type of jigging machine was suitable for all sizes of coal. Some of 
tlxe jigs were recommended for the washing of nut coal, but only 
the hand and mechanically-operated intermittent jigs, as well as 
B^rard's continuous jig, were recommended for fine coal. 

In England, the success which attended Morrison's initiative in 
washing fine Durham coal by Berard's process drew attention to 
the great possibilities of coal-w^isbing. Morrison further demon- 
strated its value by buying up stacks of smudge " in the Wigan 
area, and producing a clean coal for coking. 

One Berard washer erected in England for the Wigan Coal and 
Iron Company had a piston cylinder with a diameter of 3 ft., the 
strokes being 3J in. long and at the rate of 150 per minute [Engineer- 
ing, 1868, 5, 242). The raw coal was crushed by rollers to a uniform 
size and fed to four jigs each of about 8 tons per hour capacity. 
Power to operate the jigs was developed iij a steam engine with a 
14 in. diameter cylinder and a 30 in. stroke. About 10 per cent, of 
material was removed from the raw coal. 

Another Berard jig, erected at Ebbw Vale in 1865 by Messrs. 
Hawks, Crawshay & Co., of Gateshead-on -Tyne, had four boxes, 
each of 5 ft. 3 in. length and 3 ft. 3I in. width [Engineering, 1870, 
9, 123). The fixed screen had in. apertures, | in. between centres, 
and was made of copper, supported on a cast-iron frame. The 
piston cylinders of the wash-boxes were 3 ft. in diameter. The 
piston was actuated by an eccentric, and 120 strokes, each of 2j in., 
were made per minute. The piston cylinder communicated with 
the washing chamber by an opening ii in. high and 22 in. wide. 
Each wash-box had a capacity of 3f tons per hour. The dirt slide 
was raised when 6 in. of shale ha^ collected on the screen. The 
washed coal overflowed into a pit-tub, in which the coal remained, 
the water overflowing to a pond where the slurry was settled. 
18,800 gallons of water were used per hour> 

The Berard jig did not, however, find much favour in England, 
altheugh ^ number of other types of jig or '' bash " washers were 
erected. Thus, in 1866 (Birbeck, loc. cit.), the Sheepbridge Iron 
Company, Derbyshire, built a washer at Dunston Colliery, in which 
the coal was classified into four sizes by a revolving cylindrical 
sieve, each size then passing to a separate wash-box. The wash- 
boxes %vere constructed of cast iron, and between each pair was a 
vertical piston witl^a stroke of 4 in., 84 strokes being made per 
minute. The portion of the piston cylinder above the piston was 
connected by a channel to one wash-box, and the lower portion 
of the cylinder was connected to the second wash-box. Thus, 
during the downstroke of the piston there was an upjvard current 
produced in one wash-box and a downward current in the second 
box, and vice versa. The washed 1:oal overflowed into wagons, and 
the dirt was released by means of a v^lve. The capacity oi the 
washer was 12 tons per houi^ the water# used waS^bout 800 gallons 
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j^r ton, and the cost of washing 1-97^. per ton of washed coal 
(inclusive of labour, stores, power and repairs). 

Differentiation of the length and frequency of the strokes for 
the various sizes of coal does not appear to have been made. The 
piston had a diameter of 26 in., and each washing compartment 
measured 6 ft. by 3 ft. 4 in. The connection between the piston 
chamber and the washing compartment was only a narrow passage, 
and for this reason, and because of the great difference in area 
between the sieve and the piston, the water currents in the wash- 
boxes were probably not uniform over the whole sieve. 

One interesting feature of this washer was the device used to 
prevent the raw coal elevators from becoming choked-. The 
elevators were fitted with levers and a rocking shaft, worked by a 
crank on the lower tumbler shaft of the elevator. This mechanism 
governed a slide over the entrance froni the underground hopper 
into the elevators. By this means the slide was only (fpened at 
definite intervals, and the amount of opening could be adjusted to 
suit the depth of coal in the hopper, so that the buckets could be 
filled uniformly to a constant depth without fear of overloading. 

In another washing plant at Clay Cross, Derbyshire, two jig 
washers were in use, each of 10 tons per hour capacity, washing coal 
which had passed through bars spaced f in. apart (G. Howe, Trans, 
Chest, and Derby Inst. Eng., 1873-74, 2, 86). A horizontally 
acting piston was used to impart pulsations to the water at the rate 
of 120 per minute. The dirt was removed from the bottom of the 
wash-boxes directly into wagons, and the washed coal overflowed 
into wagons. One feature of this washer was that the slurry was 
settled in ponds, and the water was re-used. 

A somewhat similar type of^washer, with a capacity of 10 tons 
per hour, was in use at Wishaw, Scotland, at a later date (1883). 
Two wash -boxes adjacent to each other were connected by ports to 
each side of a piston working in a horizontal cylinder. The piston 
made 80 strokes per minute, of length 4^ in. The motion of the 
. piston was obtained by means of parallel eccentric motion f»m a 
shaft revolving at right angles to the axis of the piston cylinder. 

In Germany, a jig designed by Sievers, and introduced before 
1870, became fairly popuhir. In the Siever’s jig the pulsations in 
the wash-boxes were produced by a plunger actuated by an eccentric. 
The design of his wash-boxes suffered, however, from the same fault 
as was present in the Berard jig, namely, the inability to produce a 
uniform speed of upward current over the whole area of the sieve. 

Although the Berard jig was found to be more efficient than 
many other jigs, and had the further advantage of continuous opera- 
tion, it was uot universally adopted. Thus, in 1867 (Marsaut, Bull, 
Soc. de 1 Tnd. Min., 1878), twenty years after Berard’s jig was first 
introduced, the most satisfactory washer at the works of the Besseges 
Iroi> Company was found be a mechanically-operated piston jig, 
which was interniittent induction. TJ^e coal was admitted to the 
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sieve from a hopper until the bed on the sieve was about 12 in. deep. 
The piston motion was started and the coal was jigged for 200 to 
225 strokes of the piston,, each stroke being ij to in. long. The 
iftotion of the piston was then stopped and the top layers of coal 
were scraped off with a shovel. Another charge was admitted to 
the wash-box and the jigging motion recommenced. After six or 
seven charges had been treated in this manner, the dirt was removed 
from the sieve with shovels. This* method gave a throughput of 
abQut 1 1 tons of coal per hour, and the washed coal contained about 
8 per cent, of ash, or about 10 per cent, of sinkings in a liquid of 
S.G. 1*40. The dirt contained about 10 to 12 per cent, of free coal, 
and the slimes, which amounted to about 12 to 15 per cent, of the 
total, contained about 25 per cent, of C04I. These slimes contained 
too much dirt for use an^ were thrown to waste, no method being 
available for their purification. The effect of the number of strokes 
on the pfirification effected by this intermittent type of washer, and 
the proportion of slimes produced, is shown in Table 47. 

Tablk 47. — Effect of the Number of Strokes per Charge 

OF Coal 


Number of strokes . 

.50 

100 

1.50 

200 

250 

300 

Ash per cent, in washed coal 
Slimes produced, per cent, on 

14-07 11-3^ 

8.32 

7-97 

7*54 

7-32 

unwashed coal 

5-56 

6-50 

9-92 

10-67 

14-87 

16-32 


The raw coal was the material passing through a | in. square 
hole screen. It will be observed that a greater proportion of slimes 
was produced by increasing the number of strokes, owing to dis- 
integration of the coal. Trials made with a Berard washer gave a 
throughput of 5 tons per hour, but the washed coal contained about 
2 per cent, more ash than the product obtained in the intermittent 
jig when k had received 225 strokes. It was not until the amount 
of coal was reduced to 2 5 tons per hour that as good results were 
obtained with the Berard washer as with the intermittent jig. It 
may be remarked that the design of the wash-box of this intermittent 
jig was an improvement on that of many* of the earlier types of jigs 
because there was no throttling of the water currents between the 
two compartments.* 

Marsaut later devised a washer on the lines of the old movable- 
sieve jig. It consisted of a cage suspended from the piston of a 
hydraulic cylinder, the cage having a perforated bottom and con- 
taining coal to a depth of about 4 ft. The cage ^las caused to 
descend by a succession of short, sharp drops through still water, 
in a rectangular tank about 6 ft. long, 10 ft. wide, and 24 ft. deep. 
The capacity of the washer was about JSitons per hour with a power 
requirement of i h.p. OiiCj result recorded for the washing of nut 
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coal of f to in. size in this washer showed that 13 3 per cent, of 
ash was left in the washed product. 

In the early sixties of the last century, Rittinger, an Austrian 
mining engineer, was studying the theoretical aspects of jigging, 
and in 1867 he published his classical work on ore-dressing. He 
derived laws of fall of particles in still water and applied them to 
jigging practice. From a consideration of the terminal velocities 
of fall of light and heavy particles of varying size, he concluded that 
no light particles of S.G. i-3„and heavy particles of S.G. 1-9,. for 
example, could be separated, if the ratios of the diameters of the 
largest and smallest particles were greater than 


5i - I 


^2 — I 




This conclusion of Rittinger 's had a great influence on jigging 
practice, and, though al; a later d^te it was found to be loo sweeping, 
it led to a very general practice of close sizing before washing. 
Rittinger made use of the differences in the rates cf fall of particles, 
varying in size and density, to classify finely-divided ores. He is 
often said to have invented the appliance known as “ .Spitzkasten,^' 
which enabled particles to be classified into groups of “ equal- 
falling '' particles, but this appliance was in existence before 1858 
(Smyth, Trans. Inst. C.E., 1857-58, 17, 218). 

Whilst the development of efficient jig washers for coal was 
slow, improvement in the design of jigs for the enrichment of 
metalliferous ores had progressed more rapidly, and once again the 
coal-mining industry was indebted to the mineral-mining industry 
for showing the path along which progress in coal-washing practice 
was possible. In order to prev^mt small particles of low density 
from passing through the sieve, it had become customary to wash 
metalliferous ores on sieves on which was placed a layer of gravel, 
or rich ore, several inches thick. The use of this device in movable- 
sieve washers operated by a hand lever was known as the English 
method, presumably because of its prevalence in ore-dressing 
' practice in Cornwall, Derbyshire and Cumberland. 

I he English method was first applied to continuous jigs for fine 
material at Clausthal, in the Hartz district, Germany, where con- 
tinuous jig washers for nfineral ores were first used, some time in 
the period 1850 to 1864. 7 'he main features of the " Hartz " jig 
were the use of a wash-box which was synwnetrical about the 
partition Between the sieve and the plunger compartments, and 
the form of the box, which at its lower extremity was pyramidal 
or rounded. The circular-sectioned juston which Petherick and 
Berard had ujed was replaced by a rectangular plunger which covered 
the whole area of the plunger compartment (except for a small 
durance). It was supported b^ one or two vertical connecting 
rods,^ operated by means of pmnk levers, or by eccentrics. By using 
a symmetrical wa§h-box, with equal argas of plunger and sieve, the 
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speed of the water currents passing through the material in the bed 
was made more uniform over the whole area. The artificial bed, 
composed of coarse portions of the ore, or other suitable material, 
rested on the sieve. The apertures in the sieves were larger than the 
size of the material treated, and the small, heavy ore particles were 
able to make their way through the false bed, and through the 
sieve over its whole area. Valves for the removal of the heavy 
material were thereby rendered unnecessary. This method was 
called washing through the sieve,*' in contrast to “ washing over 
the*sieve,” a practice used when washing larger sizes of material. 
The practice of “ washing over the sieve " was used, for example, in 
the Berard coal washer, in which the heavier material (refuse) was 
removed at only one zone, through the refuse-removal valve, and 
notr over the whole area of the sieve. 

In 1864, Liihrig, who tiad been connected with the dressing of 
mineral ores, went to Silesia and saw the difficulty which was 
experienced in washing fine coal (through in. mesh). To fulfil 
this purpose, he attempted to use an appliance similar to that used 
for washing finely-divided metallic ores, namely, the Hartz jig. 
He also used Rittinger’s spitzkasten for the classification of the fine 
coal into a series of sizes. Several unsuccessful attempts were made 
at first, but, in 1867, Liihrig erected the first feldspar fine-coal 
washer, at Gluckhilf Colliery, Lower Silesia (Soldenoff, Proc. S. 
Wales Inst. Eng., 1884-85, 14, 88), in which a false bed of feldspar 
was placed on the sieve. In 1875, Liihrig introduced his fine coal 
washer into Westphalia. Later, he also modified the design of the 
fine coal washer to make it suitable for washing larger sizes of coal. 

Shortly after the work of Liihrig in Silesia, a washer containing 
some of the features of the Hartz^jig was introduced in England. 
This was the Sheppard washer, built by Messrs. Charles Sheppard and 
Sons, of Bridgend, Glamorgan. It was first built in 1875. Primarily, 
the design of the Sheppard washer followed the lines laid down by 
Berard, though the coal was not necessarily sized before washing. 
It fallowed the Hartz jig, however, in that the communication 
between the piston and the washing compartments was not restricted, 
as in many earlier types of washer, and the main portion of the 
wash-box was symmetrical about its axis. 

A section of a jig for unsized coal is* shown in Fig. 18, which 
illustrates these features of design. The jigging motion was imparted 
to the water b}^ a piijton, e, worked by a crankshaft. 

The design suffers in comparison with that of many later types 
of wash-box in that the coal was admitted near the partition between 
the piston and the washing compartments and was removed from 
the side remote from the partition. In most modern types of wash- 
box the coal travels in a direction parallel to the partition, and 
because of this the coal is subjected to more uniform water currents. 

In Fig 18, near the side where the washed coal overflows, tjiere 
is an adjustable refuse gate under whicfi the dirt passed, and settled 
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to the bottom of the wash-box, whence it carried by a screw 
conveyor to a dirt elevator. The washed coal overflowed from the 
sieve compartment, a, on to a fixed sieve, G, through which, with 
the help of a rotating brush, H, the finest Coal fell into the subsidiary 
compartment of the wash-box, d, and was conveyed to an elevator. 
The nut coal passed over the fixed sieve before being loaded into 
wagons. 

To diminish the amount of water passing through the’ bed during 
the upstroke, flap valves, g, were fitted on the division plate between 
the main compartment, c, arid the subsidiary compartment, rf, of 
the washer, and these were opened automatically when the piston 



was raised, allowing water to pass through into the main compart- 
ment. This inflow of water compensated in part for the upward 
displacement of the piston, and so reduced the detrimental effect 
of the upstroke. In the earliest types of Sheppard washer the stroke 
was 10 to 20 in., at a frequency of 30 per minute. 

The water was removed from the nut coal on a dewatering 
screen, and much of the water from the fiiic coal and the dirt 
elevators drained through perforations in the Duckets back to the 
wash-boxes. There was consequently no external circulation of 
water with this type of washer, and the subsidiary compartment, d, 
acted to a limited extent as a sludge-settling tank. A plate was 
^xed in the ftibsidiary compartment, d, of the washer, so that slurry 
could settle in the sub-section, 4, undisturbed by the water rising 
to pass through the flap valves, g. 

The Sheppard Jine-coa! Washer, introduced in 1885 to treat coal 
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through J in. mesh, was of the movable-sieve type. Double wash- 
boxes were employed ; in each box the sieve, which consisted of an 
iron grating with a perforated copper plate, was attached by a 



connecting rod to either end of a beam lever. This lever wa* 
actuated by a crank so that whqji one sieve was depressed in one 
wash-box, the sieve in the other wash-box was raised. About 
200 strokes were made per minute. ‘A bed of, feldspar was "later 
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used on the sieve. The washed coal flowed over a weir into a 
compartment outside the main wash-box, where it settled and was 
removed by means of a screw to an elevator. The external com- 
partment was common to a battery of six or eight fine-coal wash- 
boxes placed side by side, and was extended beyond the area 
occupied by the battery oif wash-boxes proper so that sufficient 
space should be allowed for the slimes to settle from, the water 
before its re-use. The clean water was pumped off and was re- 
admitted to the wash-boxes as required. The settled sludge w^ 
removed by a scraper to the washed-coal elevator. An automatic 
refuse-removal valve was incorporated in the design, a plate being 
fixed vertically above the sieve so that it projected into the dirt bed. 
The dirt passed underneath this plate and flowed over a weir into 
the bottom of the washing compartment, whence it was conveyed 
to an elevator. ^ 

The Sheppard washer proved very popular in Great* Britain, 
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particularly in South Wales. There were twenty-four Sheppard 
plants erected up to 1880, and the number had increased to sixty 
in 1890, each plant having an average capacity of about 15 tons^per 
• hour. Fig. 19 is a diagram showing the general arrangement of a 
Sheppard washer, and illustrating the simplicity of the earlier types 
of washer. 

D. Cowan {Trans. Mia. Inst. Scot., 1888-89, 10, 229) records 
the results of investigations into the efficiency of a number of types 
of coal washer; for a Sheppard washer* at Kjjmeil, Scotland, the 
coal contained 15*36 per cent, of free dirt before washing, and 
9 06 per cent, after washing, whilst the dirt removed contained 
4-25 per cent, of coal. The percentage of dirt removed was thus only 
39*9 per cent. 

• One of tHe earliest Luhrig jigs for washing coal larger than 
I in. is illustrated in Figs. 20 and 21 (Rathbone, Trans. Inst. Min. 
Eng., 1879, 29, 159). The wash-box was constructed of woofd and 
was symmetrical about its*a?cis through the partition between the 
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plunger and sieve compartments. The floor of the box was curved 
in its cross-section (Fig. 20). The washing compartment was 
3 ft. long and 4 ft. wide, and had a perforated plate or sieve, d, on 
vdiich the bed rested. The plunger compartment was made of 
approximately the same dimensions as the washing compartment, 
and the plunger, c, was rectangular and was fixed to two piston 
rods, X, with forked connections (Fig. 20). Motion was imparted 
to the plunger by means of a cranked lever from a disc crank which 
had a dove-tailed groove to receive tjie crank pin ; by this means 
the ‘eccentricity could be adjusted to vary the length of the stroke 
of the plunger. The arrangement of the cranked lever reduced the 
speed of the upstroke, as compared with the downstroke. The 
plunger made 60 to 75 strokes per minute, according to the size of 
the' material washed ; the length of the stroke was also varied from 
if to 4 in., being longer ^or the larger sizes of coal. The refuse- 
release valve is shown at n and g,(Fig. 21)., Liihrig’s scoop wheel 
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(Fig. 21) was fitted to the original Hartz jig to aid the removal of 
the dirt from the wash-box. The scoop wheel had a number of 
scoops or tfUckets, A, on its circumference, and was rotated by means 
of a belt driven from a pulley on the main driving shaft. As the 
refuse was released from the opening, g, it was picked up by one of 
the scoops and was tipped into a shoot, for conveyance to the 
dirt hopper. The use of the scoop wheel allowed the dirt to be 
inspected and drained before its delivery into the dirt shoot. Finer 
dirt, which passed tTirough the sieve, was collected in the bottom 
of the wash-box, whence it was released at intervals by opening the 
bottom valve, 6. The washed coal overflowed through the opening, 
/ (Fig. 20), and water was admitted through the valve, z, under- 
neath the plunger, to reduce further the effect of sucfion. About^ 
4 to 5 tons of coal could be wasljed per hour in one wash-box of 
this type. 

The fine-coal wash-box with a feldspsPr bed, \\jhich is illustrated 
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in Figs. 22 and 23, was similar areTwSu^^^ 

the ratio of the thS compartments in its length 

wa^-box was divided into two oj “re C P on the sieve, •&, 

(Fig. 23). A layer of feldspar, *, (S- • ) feldspar particles 

to a depth of about 3 or 4 m-. t ^ goal partid^ 

varying from f to if m. a^ordingjo the^ fe^spa; f 

washed. The apertures of the screen on w feldspa.r. 




Fig. 24.— Ritlinger s SpiUkastcn. 

between the particles of operatm^ the 

bottom of the the wash-box and passed from 

valve, k (Fig. 22). , ^ ^ by means of openings, h, w (Fig. 23). 

rwX'SmstyA -S .?ea. ftom 3 <0 3l oi »al pe. 

"'’“Sreafaifficulty had SiuS’l'jSto ftU 

coal successfully. The ^ stroke and the 

difficulty were twofold, T' ^be bed, of the water currents 
varying sp^ds, in differe p stroke resulted in fine dirt being 
• produced. The use Jf currents and in coal being drawn 

Lriedupwards wnh the wate^^^^^^ .^be current of 
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number of individual, relatively rapid, upward currents immediately 
above the holes in the sieve, and to leave a body of relatively 
quiescent water above the solid parts of the sieve. Methods of 
correcting this fault by using fine-meshed sieves proved unsatis- 
factory because of their tendency to clog and so^o interfere with the 
upward water currents. By using a false bed of feldspar, the 
violence of the pulsations was reduced and the upward water 
currents were broken up and spread* more uniformly over the whole 
aregt of the bed. Feldspar particles are parallelepipeds in shape 
and tend to turn '' end on during an upward current of water, 
and to rest on their sides during a downward water current, so that 
in their action they resembled fl«ap valves. Besides distributing 
th§ currents more uniformly, they also sej'ved to reduce the effect of 
the suction stroke on the jnaterial above the bed. 

The spitzkasten used to classify the fines are illustrated in 
Fig. 24. * Their total length was about 20 ftt divided into six boxes, 
the size of which increased from left to right. The fine coal (through 
I in. mesh) entered the trough above the spitzkasten (on the left-hand 
side in Fig. 24), and the coal was classified according to size in the 
various compartments. The settled coal from the base of each 
compartment was then passed to fine-coal wash-boxes. 

A typical Liihrig washer, of 50 tons per hour capacity, divided 
the nut coal (over f in. size) into five fractions, namely, 2 to ij in., 

to I in., I to I in., | to f in., and f to f in., each of which was 
washed in a separate wash -box of the type shown in Figs. 20 and 21. 
The fine coal (through f in.) was classified into five sizes by means 
of spitzkasten, each fraction being then washed in a feldspar wash- 
box of the type shown in Figs. 22 and 23. There were, therefore, 
ten wash-boxes to deal with coal btlow 2 in. size. 

A notable improvement made in the Liihrig feldspar washer 
was to make the coal travel through the wash-box in a direction 
parallel to the dividing plate between the washing and the plunger 
compartments, instead of at right angles to it, as had been the 
practice in*the Berard, Sheppard and other washers. By the altera- 
tion of the direction in which the coal travelled through the box, and 
in the belter proportioning of the plunger and sieve areas, and the 
more favourable dimensions of the wash-box chosen, the Liihrig 
washer constituted a great improvement on previous types of coal 
washer. Moreover, in washing closely-sized materials, the number 
and length of stroke^could be readily standardised for each material, 
and washing was therefore facilitated. On the other hand, the 
number of fractions into which the raw coal was divided before 
washing greatly increased the initial and upkeep costs of the buildings 
and plant, and increased the risk of inefficient washing if the^ 
supply of raw coal was interrupted. 

In Table 48 a number of results of washing fine coal (through 
I in.) are given (G. Blake-Walker, Trans* Inst. Min. Eng., 189J-94, 

7. 392)- 
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Table 48. — Results of Washing Fine Coal in LOhric 
Jigs (1893) 


Capacity of washer, tons per hour 
Ash per cent, in unwashed coal 
Ash per cent, in washed coal 


30 

30 

50 

50 

50 

60 

15-8 

17*5 

II-5 

i 8 *o 

i 8 *o 

22*0 

3-8 

3*5 

1*8 

5 '4 

4-1 

4-1 


75 

20-8 

3-4 


Such efiftcient removal of dirt was, however, not obtained without 
appreciable loss of coal in tfie refuse. At Dowlais the dirt con- 
tained, in one instance, 57 per cent, of coal (Cowan, Trans. Min, 
Inst. Scot., 1888-89, 229), and, at Wharncliffe Silkstone# 12 per 

cent. (Blake-Walker, loc. cit.), whilst at Cwm-Avon “ the dirt 
Contained appreciable quantities of coal {Trans. Min. Inst. Scot., 
1889-90, II, 147). 

The superiority of J^iihrig's ^pldspar washer for the cleaning of 
fine coal was immediately recognised, and the principles of his 
design were adopted by many continental constructors. The 
Barop nut-coal washer, for example, was of rectangular cross- 
section, but with a false bottom sloping at an angle of 30 degrees 
to the horizontal from the delivery side of the box to the floor at 
the centre of the box. The ratio of areas of these two com- 
partments was 1 : 1*13. A ''knee-lever '"differential mechanism 
(see p. 142) was employed to reduce the effect of suction on the 
stratification of the bed. The fine-coal washer was of almost the 
same design as Liilirig's, the ratio of the areas of the plunger and 
the screen being i to i. A "knee-lever" differential mechanism 
was used to actuate the plunger, and a layer of feldspar was used. 
Such a washer was erected in 1878 at Zeche Heinrich Gustav Colliery, 
Westphalia. 

The Schiichtermann and Kremer nut-coal washer was of square 
cross-section, similar to that illustrated in Fig. 14, but was 
mechanically operated. The design of the fine-coal washer was 
almost identical with that of Llihrig’s, an eccentric be^ng used to 
actuate the plunger. 

The Luhrig washer was built in large numbers in Germany. 
In 1880, Luhrig became associated with Evence Coppee, who was 
interested in the erection^f coke ovens, for which clean fine coal was 
required, and the firm of Luhrig and Coppee was formed with its 
headquarters in Mons. This branch had th% rights to build the 
Luhrig w'asher in Belgium, France and the French colonies. In 
1888, Luhrig became associated in England with Henry Simon, 
who was also interested in the erection of coke ovens, and a partner- 
^ship under Jhe style " Simon and Luhrig " was formed, the head- 
quarters being in Manchester. This firm erected four or five Luhrig 
washers before 1890, one of the plants being built for Messrs. Merry 
ancl Cuninghame, of Glasgow, at North Motherwell CoUiery. Mr. 
Cuninghame thejr purchased Mr. Simon's rights in the business, 
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which became " Liihrig and Cuninghame '' and, later, the " Liihrig 
Coal and .Ore Dressing Appliances Ltd/' This firm built large 
numbers of Liihrig washers, particularly in Scotland, and since 1917 
has been known as " The Coal and Ore Dressing Appliances Ltd." 

The washers erected by the Liihrig Coal and Ore Dressing 
Appliances Ltd. were similar to the Liihrig washers already 
described. . Those erected by " Liihrig and Copp^e " were modified 
in dividing the raw coal into a smaller number of sizes. Copp^e 
usually divided the nut coal (over | ii^.) into two sizes only, and the 
fine*coal (through f in.) into two sizes. These washers became well 
known as the Coppee nut, bean and pea washers. Feldspar washers 
for lino coal were built by Coppee in Great Britain until 1922, when 
the Baum type of jig was substituted. 

Although the jig washer was the chief appliance used for washing 
coal, a number of trough washers were also used. Trough washers 
appear to have been introduced ii\to England after 1850, and were 
used in the Wigan area and in Durham to wash the small coal for 
coke making. 

The practice of sizing and cleaning coal did j:iot receive serious 
attention in Great Britain until about 1880. This was due, in 
part, to the fact that the seams available were thick and of good 
mechanical strength, and, in part, to the general practice of loading 
coal in the mines through a riddle, or with a " fork and pan " 
arrangement. As a result of this practice much of the small coal, 
which contained the largest amount of dirt, was left in the mine 
Monetary fines were also imposed on the miners for sending up dirt 
with the coal. At many collieries the amount of dirt in the tubs 
of coal sent to the surface was determined at intervals, and in one 
pit in Cumberland, for example, an.amount of 3 cwt. was deducted 
from the weight of each tub for every 7 lb. of dirt found in .a tub of 
house coal. At the same colliery, where a cleaner seam of coking 
coal was also worked, the weight of the whole tub of coal (about 
10 cwt.) was deducted if it contained 7 Ib. of dirt {Trans, Min. Inst. 
Scot^ 1889-90, II, 181). At some pits in South Wales, where large 
coal was mined, the miners were required to remove any portion 
of pyrites or shale from the coal before sending it to the surface. 
Working in the dim light of a Davy lamp, a miner's output was 
necessarily restricted if he were required tcf sort the coal as he loaded 
it, and the cost of such cleaning in the mine was estimated to be 
about 6 d, per ton, ccjmpared with a probable cost of irf. per ton if 
the cleaning had been performed at the surface (Craig, Proc, Inst. 
C.E., 1881, 64, 69). 

An increased demand for coal led to the working of thinner 
seams, and attention was devoted to more efficieiit^methods of^ 
preparing the coal. Arrangements which had been satisfactory in 
1865, when the coal output was 99,000,000 tons of coal, were not 
suitable in 1875, when the output had^ ipcreased, by more thagn a 
third, to 133,000,000 tons per annum , Of the npcreased output, 
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the export trade, for which the coal required more careful prepara- 
tion, accounted for 18,000,000 tons in 1875’ The pig-iron trade, 
which had been very small in the first half of the nineteenth century, 
received an impetus by the introduction of methods of manufacturiijg 
cheap steel by Bessemer in 1855 and by Siemens in 1861. The 
use of these methods of steel manufacture was greatly extended by 
the introduction of the basic process by Thomas in 1878, and the 
demand for coke for iron and gteel manufacture rapidly increased. 
With this stimulus to the manufacture of coke, more attention was 
devoted to the preparation * of coal for coking purposes. This 
resulted in an increased demand Tor small coal, for it was found 
that fine coal was more useful for coke manufacture than large coal. 
Moreover, fine coal was finding an outlet for the manufacture of 
briquettes in South Wales? 

The fixed screen, which had previously been used for the sizing 
of coal, effected only an inefficient separation and required a large 
ground space and a steep elevation, often difficult to obtain. A 
great improvement was provided by the introduction of oscillating 
or jigging screens which only required a small inclination. The 
advantages of picking out the dirt by hand from the coal as it 
travelled forward on a moving belt were also recognised, and these 
methods of cleaning the coal proved to be much cheaper than 
methods of cleaning underground. The Coppee and Sheppard 
washers were built at a number of collieries in South Wales and 
Monmouthshire in the * eighties, whilst several were also built in 
Cumberland and Lancashire. In Durham and Yorkshire trough 
washers proved the most popular, and an upward-current classifier, 
the Robinson, was introduced in Durham. The Liihrig washer 
was introduced into Scotland in 1887, and, subsequently, was built 
there in large numbers. The Liihrig washer was also built at a 
number of collieries in Yorkshire, but it was not until 1894 that the 
first Liihrig washer was built in the Durham coalfield, at Even wood. 

The Robinson washer was devised by R. Robinson, mining 
engineer for Messrs. Bolckow Vaughan, who owned extensive 
ironworks, collieries and coke-oven plants in Durham. Mackworth, 
in 1856, devised an upward-current classifier which was used, but 
without great success, for coal cleaning and ore dressing. The 
principle which was employed in the Robinson washer, as also in the 
Mackworth, was to have a current of water flowing upwards at a 
velocity such that the lighter coal partiejes ^ere floated, whilst 
the heavier dirt particles settled to the bottom of the vessel used. 
A cone-shaped vessel was employed, with a system of double 
gates at the bottom, through which the refuse was extracted. The 
water currents were obtained by means of a pulsometer pump. 
•The RobinsOn washer, which will be described more fully later, 
was used at a number of collieries, chiefly in Durham, but also in 
Yorkshire, Lancashire and Scotland, and mainly where the output 
was*only small. The cost*of a washer of 20 tons per hour capacity 
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was about £200, and the water consumption was estimated to be 
only about 30 gallons per ton of coal. 

A further step in the development of the modern jig washer 
"was made by Fritz Baum,’ of Heme, Westphalia, in the final decade 
of the nineteenth century. Baum, who since 1882 had been 
building coal-cleaning accessories, in 1892 devised a modification 
of the nornjal jig washer, in which the pulsations were given to the 
water by compressed air. He introduced his air jig into England 
at Middleton Colliery, Leeds, and at Normanton, Yorkshire (Trans. 
Insf. Min. Eng., 1893-94, 7, 156). Bibth washeries were of 75 tons 
per hour capacity, the one at Middleton (which dealt with coal less 
than 2.in.) having four wash-boxes, and the one at Normanton (in 
which all coal through 3J in. was washed) had six wash-boxes, 
fout for nuts and two for fine coal. In the Normanton washer the 
coal was sized before wasHing in a revolving cylindrical screen with 
five concentric drums, the sizes of^coal produced being 3 J to 2 in., 
2 to in., to I in., f to in. (nuts), and to in. (fines). 
The material through in. was screened out and added to the fine 
washed coal without further treatment. The graded coal was 
carried in a stream of water to the wash-boxes, which were made of 
steel or cast iron, strengthened by angle irons, and were of semi- 
elliptical cross-section. Fig. 25 illustrates one of Baum's earliest 
wash-boxes. Compressed air, at a pressure of to 2 lb. per square 
inch, was admitted through the valve, 0, when the inlet valves were 
open (and the exit valves closed) and depressed the level of the 
water in the air " compartment of the wash-box, m. This caused 
an upward water current through the bed above the sieve, s. The 
opening of the inlet and outlet valves of the air cylinder was governed 
by the movement of a cylindrical slide working in the air cylinder, 
and driven by the connecting rod, from an eccentric, n. . During 
the downstroke of the slide, air was admitted to the wash-box, 
and, during the upstroke, the inlet air port was first closed, and 
then the exit ports uncovered to allow the air to escape. Water 
was ^dded^ through the valve, k. The unwashed coal entered the 
washing compartment at the partition between the two compart- 
ments of the jig, and overflowed over the weir, d. The dirt which 
collected on the sieve was removed through a double refuse valve, 
controlled by means of levers, tt\ The gate,/, was set at a suitable 
height above the sieve, so that free passage of the dirt underneath 
this gate was possiblf . The dirt then passed upwards between the 
two gates and overflowed over the second gate, /', pas^ng down 
between the outer and inner casing to the bottom of the wash-box, 
whence it was conveyed by a screw to an elevator for disposal. About 
50 to 70 impulses per minute were imparted to the watfer for coarse 
coal, and 75 to no per minute for fine coal, the water displacement* 
varying from 2\ in. for the largest coal, to i in. for the fine coal, 
the amount of displacement being regulated by throttling the^air 
valve at 0. 
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In the normal plunger t}^ of jig, in the movement of 

the water is created 1^ the upward and downward motion of a 
plunger, driven by eccentrics, the water in the washing com- 
partment accelerates during the first half, and is retarded during’ 
the second half of the stroke. After the completion of the 
downstroke of the plunger, and before the commencement of the 
upward stroke, there is no appreciable pause. In Baum’s jig. 



Fig. 25. — Earliest Form of Baum Jig for Sized Coal (1892). 

however, the motion of the water acceleratecf during most of the 
stroke, and attained its maximum velocity at the end of the 
stroke. Between the completion of the upward current of water 
and the commencement of the downward current, the inlet port 
was closed before the exit port was uncovered, and there was 
therefore a period during which. f he water was relatively still. In 
the initial s.tages of fall under these conditions, separation according 
to density differences, independently of size, is possible. In the 
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early plunger type of. jig the downward current of water is caused 
by a pressure which may be considerable, on account of the produc- 
tion of a partial vacuum during the upstroke of the plunger. In 
Baum's jig, however, the pressure above the bed on the sieve is only 
greater than the pressure above the water in the air compartment 
when the compressed air in this has been released and the pressure 
has fallen to that of the atmosphere. At this moment the difference 
in pressure between the two compartments, or, in effect, the pressure 
exerted on the bed, is only due to the difference in water level 
befween the two compartments. Under these conditions there is 
never a big pressure exerted on the bed, and there is, therefore, less 
tendency for it to “ set " compactly. In the plunger type of jig 
this settling of the bed was liable to occur, and during the first part 
of ^ the succeeding upward water current the bed rose en masse, 
without the individual p'hrticles being disturbed. When the com- 
pact mass broke up, eddying water currents tended to break through 
the bed locally, thus remixing instead of separating the materials. 
In a Baum jig the bed was kept in a less compact condition, and the 
necessity no longer arose for a feldspar bed to distribute the water 
currents. 

It may be observed from Fig. 25 that Baum used the same 
direction of flow of coal in the wash-box as Berard had used, that is, 
at right angles to the partition between the two compartments of 
the wash-box. Nevertheless, he was able to wash fine coal after 
dividing it into only one or two sizes before washing, although he 
divided the nut coal (from 3J to | in.) into four fractions. In 1901, 
Baum effected a radical change in washing practice, which is expressed 
in the slogan : “ First wash — then classify." He altered the 

direction of travel of the coal through the wash-box and used a 
two-compartment jig. In some cases Baum used a second wash-box 
to re-wash the fine coal and the crushed refuse from the larger sizes 
of coal. 

A more detailed account of the evolution of the Baum washer 
will.be given in a later chapter ; it is sufficient here to record that 
Baum, by departing from the accepted practice of sizing before 
washing, revolutionised coal washing in jigs. 

The practice of close sizing had been accepted by Liihrig, Hum- 
boldt, Schiichtermann and Kremer, and C«pp6e, whilst Baum himself 
in his earlier plants had followed the same practice. Nevertheless, 
when Baum demon^rated that it was unnecessary, the new practice 
was followed by other manufacturers, and a Humboldt washery 
of a later date to wash 80 tons of coal per hour, for example, only 
divided the coal into two sizes before washing. A niodem Baum 
washer will treat coal up to 3^ in. in size in a single wash-box for 
capacities up to 50 tons of coal per hour ; above Ithis amount* 
and up to a capacity of 150 tons of coal per hour, a second wash-box 
is introduced to re-wash the fine coal. 

In Europe the Liihrig washer made great headway. By the end 
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of 1889 Liihrig had erected 100 coal-washing p{ants in Saxony (where 
coal-washing was first practised), Silesia, Westphalia,^ Prussia, 
France, Austria-Hungary, and Belgium. Llrge numbers of Coppee 
washers were also built in France and Belgium. In the Ruht- 
Westphalia district of Germany the number of washers, which was 
twenty-three in the period 1870-80, had increased to sixty in the 
next decade, and to ninety-three in the final decade of the last 
century. 

After Berard*s continuous jig washer, the outstanding develop- 
ments in jig-washing practice are associated with the names' of 
Liihrig and Baum. Liihrig’s feldspar jig enabled fine coal to be 
cleaned more efficiently than had previously been possible, but to 
do this he followed Rittinger's theoretical considerations too closely, 
and needlessly elaborated the design. Coppee built jig washers 
from Liihrig's designs, but reduced the number of sizes into which 
the raw coal was divided before washing. Baum, however, showed 
that it was possible to wash unsized coal, in quantities of 50 tons per 
hour, in one box. Although the use of compressed air to obtain the 
water pulsations was undoubtedly a contributory factor in enabling 
this to be done, it was in a larger measure due to the passage of the 
coal through the jig parallel to the division plate between the sieve 
and the air compartments. A washer with this type of box was 
called a flow jig (stromsetzmaschine) as compared with a 
" cross jig (quersetzmaschine), in which the coal travelled from 
the division plate across the width of the box. 

It was soon recognised that this modification greatly increased 
the capacity of a wash-box, and the method was adopted in other 
types of washer, for example, in the Humboldt and the Groppel. 
Groppel, who had taken charge of Liihrig's German business in 1893, 
after the death of the founder, substituted, in 1905, a “ flow jig 
in place of the cross "jig which Liihrig had built in such large 
numbers. In a modern Groppel jig washer — as in the Humboldt — 
the raw coal is only sized into two fractions before washing, and 
feldspar is no longer used. 

It is therefore apparent that in almost all modern jig washers 
some of Baum's innovations are embodied, namely, in the use of 
“ flow " jigs, in reducing the amount of sizing before washing to a 
minimum (if not entirely dispensing with it), or in the use of com- 
pressed air to obtain the water pulsations. 

In Alabama, America, in 1890, no coal, w^s washed, but the 
introduction of the Robinson washer, with mechanical improve- 
ments made by another Englishman, Ramsay, proved popular, and 
by 1896 most of the coal used in Alabama for coke manufacture was 
washed (Trans, Inst. Min. Eng., 1896-97, 13, 188). 

The Stutz'jig was developed in America, but it suffered from the 
same defects as most of the early jigs, namely, the lack of uniformity 
of the speed of the water currents over the area of the sieve. A 
better washer was the Stewkrt jig, which was a modification of the 
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earlier movable-sieve ' washers, in which the jigging motion of the 
sieve was obtained by means of eccentrics. The sieve, supplied with 
suitable sides to support the coal, was jigged in a tank of water, and 
tjie washed coal passed oVer the side of the sieve box into a shoot. 
The dirt was released by means of a slide over a port in one side of 
the sieve box, so that the dirt fell in the outer water tank. The 
Stewart jig was adopted at a number of plants in America, and the 
Liihrig jig also proved popular. 

In Alabama the floors and roofs of the seams are generally soft 
and friable, so that much small and Impure material is mixed with 
the coal during mining. Separatibn of the small dirt by hand-picking 
was uneconomical, so that resort to coal-washing methods was early 
found to be necessary. In other coalfields of America, however, the 
nefed for coal washing was not so great. • In some instances coal for 
coking purposes was washed to reduce the sulphur content of the 
coal, rather than for reduction in ash content. 

After the beginning of the pfesent cenitury, the increased use 
of by-product coke ovens in Great Britain led to the erection of 
washeries of larger capacities than had previously been used. Trough 
washers, which had been widely adopted in Durham and Yorkshire 
when the older process of manufacture of coke in beehive ovens was 
in use, were found to be of too small capacity. They also occupied 
an excessive ground space, required large quantities of water, and 
the labour involved proved a big item of expense. At the same time 
much coal was lost in the refuse. Moreover, the washing water was 
frequently not re-used, so that besides carrying away a large pro- 
portion of the coal as slimes, trouble was often experienced with the 
river conservators. 

Many ingenious attempts were made to improve the efficiency 
of trough washers. These will be (fescribed in a later chapter, but a 
passing reference might be made to the Elliott trough wasHer which 
was devised in 1892, and had a movable series of dams connected to 
an endless chain so that the deposited dirt was carried to the upper 
end^of the trough, where it fell into wagons. The coal was carried 
along by fhe water stream to the lower end of the trough, and was • 
loaded into wagons. About 1913 further improvements were made 
in trough-washing practice by a Belgian engineer, Antoine France, 
who developed the Rheolaveur washer# which has had such a 
marked success since it was first devised. 

In 1915, Drapejj introduced a new upward-current classifier. 
In recent years various methods of cleaning coal without* the use of 
water have been introduced. 

In the thirty years from 1875 to 1905, the annual British coal 
output increased by about 100,000,000 tons. This iitcreased out- 
put necessitated the working of more seams which Vere thinnef 
and dirtier, so that more careful preparation of the coal was neces- 
sary. The use of the riddle underground was discontinued in many 
districts (W. Scott, Trans, Inst. Mii!.^"Eng., 1002, 23, 179)* and 
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more fine coal was brought to the surface. By jthe sizing and cleaning 
of small coal, the value of slack was much enhanced, and markets 
were found for material which, although small, was clean and of 
regular size (G. A. Mitchell, Trans, Inst.' Min. Eng., 1893-94, y, 
319). During the final decade of the last century the use of electricity 
for the transmission of power was greatly developed, thus obviating 
the use of separate boilers and steam engines in a washery. 

Another factor which tended towards the increased use of coal 
washers was the greatly increased output which had to be handled 
at the colliery surface plant. 'Where previously a few screens and 
picking belts had proved satisfactory, a larger output of smaller coal 
was frequently difficult to clean adequately with existing accom- 
modation at the colliery surface plants. In many instances the 
increased output would have involved a much greater development 
of dry-cleaning arrangements (picking belts) requiring much ground 
space and an army of boys for labour. Since the capacity of a wash- 
box had been increased from zj tons per hour in Berard's washer to 
50 tons per hour in a Baum wash-box, for example, the greater 
output of a pit could be more efficiently handled by jig washers. 

The tendency in Great Britain is to standardise the jig washer 
along the lines laid down by Baum, that is, to wash the coal before 
sizing, and to use compressed air as the means to obtain pulsations 
in the wash-box. Thus, the Coppee washer in recent times has been 
modified in this manner, and the modern Greaves washer is also of 
the Baum type. Trough-washing practice with the Rheolaveur 
washer has proved very successful, and the Draper has recently 
been preferred among upward-current classifiers. Coal- washing 
methods depending on selective wetting, such as froth flotation ; 
methods of wet and dry tabling^* and methods of dry separation, 
by the use of spiral separators, by sand flotation, or by pneumatic 
means, have been devised, but have not, as yet, been widely 
adopted. 
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• THE PRESENT POSITION OF COAL CLEANING 

PRESENT POSITION IN. GREAT BRITAIN 

• 

Almost all the coal mined in Great Britain is screened. The 
large coal is hand-picked and (in most of the larger coalfields) much 
of the smaller coal is washed and divided into a number of sizes 
before marketing. In Durham, however, a large proportion of 
the gas-coal is sold without any preparation as “ run-of-mine,” 
but the coal is sometimes screened and the .large coal hand-picked 
before remixing with the smalls. 

Most of the large coal produced in Great Britain is therefore 
cleaned by hand-picking, but no official figures are available to 
show the proportion of large to small, or the proportion of the small 
coal which is cleaned. Since, at the present time, almost all the 
small coal cleaned is treated by wet processes — or in other words, is 
washed — an estimate of the proportion of small coal cleaned may 
be made from a consideration of the capacity and average period 
of working of the coal washeries erected. We have attempted to 
do this by collecting data from the washery constructors, and record 
in Table 49, an analysis of the figures obtained. 

Table 49. — Total Hourly Ca^vcity of Washing Plants in 
Great Britain 


Type of Washer.* 

No. of Plants. 

Total Hourly 
Capacity 

Average 

Capacity 

• • 


(tons). 

(tons per hour). 

Jigs : Liihrig type 

314 

11,071 

35-3 

Humboldt type . 

18 

• 1.352 

75-1 

Baum type 

140 

13.787 

98-4 

Miscellaneous 

154 

5.025 

32-6 

Rheolaveur . . * . 

17 

1.295 

. 76*2 

Upward-Current and 
Trough washers 

36 

2,311 

64-2 

Totals 

679 

• 

34.841 

• 51*3 • 


• To avoid the comparison of the number of plants built by different WMhery 
constructorsi jig washers are classified as Liihri^ type (inclufiing Liihrig, Coppee and 

m 
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The total hourly washing capacities of all types of washer in 
each coalfield of Great Britain are recorded in Table 50. Erom these 
figures an estimate is made of the yearly capacity by assuming that 
the washeries are working during a lo-hour day for 300 days at 
two-thirds of the rated hourly capacity. 

Table 50. — Washing Capacity in Different Coalfields in 
Great Britain 



! Total Hoiirlv 
Capacity of 
Washers 

A. j 

h. 


CoalAeld. 

Hstiniated 

Total Coal IVo- 

^ per cer 

Yearly Capat ity 

du( tion in 1925 

B 


(tons). 

(tons). 

(tons). 


Yorkshire 

9,281 

18,562,000 

4 . 5 .- 273.399 

40-8 

Derby and Notts. 

3.807 

7,61^,000 

3 - 2 , 755 .^^ 90 * 

23*3 

Northumberland and Durham 

3.835 

7,670,000 

43.448.379 

12-8 

Staffordshire 

1 .. 245 . 

2,490,000 

18,700,342! 

' 13-3 

Lancashire . 

1,813 

3,626,000 

20,521,439! 1 

17*7 

Cumberland . 

424 

828,000 

4,8i8.932§ 

17-2 

S. Wales and Mon 

8.921 

17,842,000 

44,629.522 

40-8 

Scotland 

5,100 

10,200,000 

33,028,528 

30-8 

Others 

415 

830,000 



Great Britain 

34.841 

69,682,000 

|^ 43 .T 7 ^ 23 I 

28*3 


The figures under the column heading g per cent." give a 

rough guide to the percentage of coal washed in each coalfield and 
for the whole of Great Britain as an average, but they should only be 
considered as approximate. The figures suggest that approximately 
one-quarter of the coal mined in Great Britain is washed. 

It will be seen from these figures that coal washing has been 
most extensively applied in Yorkshire and in South Wales and 
Monmouthshire. If the figures for Durham and Northumberland 
are considered separately, the estimated yearly washing capacity 
expressed as a percentage of the coal produced in 1925 is only 3*5 
per cent, for Northumberland. Coal washing is theVef ore ' less 
practised in Northumberland than in any other large coalfield of 
Great Britain. It is perhaps significant that the average net 
selling price per ton of Northumberland coal in 1925 (14s. id.) was 
at least is. 2d, per ton less than the average net selling price of coal 

Sheppard washers), Humboldt type, Baum type and lliscellancous. The mis- 
cellaneous ji^s include those which use movable sieves, or pistons below the screen 
plate. Upward current and trough washers include Robinson, Draper, Blackett 
and Elliott washers, but exclude simple trough washers. All the washers considered 
have been built since 1875, but most of them during the present century. Com- 
pensation for washers now abandoned is probably made by miscellaneous washers 
4iot included in 4he figures. The amount of coal cleaned by dry processes other than 
hand-picking is at present too small to be included. 

* Including Leicester. • 

t Including Salop, Worcester and Warwick. 

} Jncluding N. Wales. • , 

5 Including Gloucester, Somerset and Kent, 
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for all of the other major coalfields (except Scotland), and the highest 
net selling prices • obtained in those coalfields where the largest 
proportions of the coal produced were washed. In South Wales and 
Monmouthshire the average net selling price per ton (excluding 
anthracite) was 17s. yd., and in Yorkshire i6s. 

Coal washing was first applied to coals used for coking purposes, 
but more recently it has found considerable favour at collieries 
producing coals used for steam raising, and for general manufacturing 
purposes. As an indication of this, the statistics of coal-washing 
plants built by Messrs. Simon-Carves*in Great Britain are recorded 
in Table 51. 


Table 51. — Statistics of Coal-Washing Plants Built by 
' Messrs. Simon-Carves in Gr^at Britain 


• 

At Collieries with Coke 

•At Collieries without Coke 



Ovens. 



Ovens. 


Period. 


Total 

Average 


Total 

Average 


No. of 

Hourly 

Hourly 

No. of 

Hourly 

Hourly 


Plants. 

Capacity 

Capacity 

I’lants. 

Capacity 

Capacity 



(tons). 

(tons). 


(tons) . 

(tons). 

Before 1921 . 

40 

3.370 

84-2 

15 

1.595 

Io 6-2 

After 1921 

14 

1.235 

88-2 

45 

4,462 

99-2 

Total 

54 

4.605 

on 

60 

6.057 

100*8 


From this table it may be seen that the total hourly, capacity 
of Simon-Carves Baum washers built at collieries without coke ovens 
is much greater than the total hourly capacity of such washers at 
collieries with coke-oven plants. Coke-oven plants work 24 hours 
perjday, and it is often the practice for washers associated with them 
to be operated for periods of 16 or even 24 hours. A washer of • 
smaller hourly capacity, but working for a longer daily period, may 
then be used to deal with the same daily tonnage. 

All the coal washed at collieries with coke-oven plants is not 
used for coking purposes, the proportion probably varying from 
about 25 per cent. Yorkshire to over 60 per cent., in many cases, 
in Durham (where the coal is more friable), with an average of about 
30 per cent, for the whole country. The remainder of the washed 
coal (nuts) is available for gas-making, steam-raising, and other uses. 

In 1913 the total coal production in Great Britain was 292-0 
million tons, and the total hourly washing capacity* 21,625 ton#, 
giving an estimated annual washimg capacity of 42-3 million tons, or 

* The selling price in Lancashire was excepti4>nal because of the large demand 
for house coal in a densely populated area, , 
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14*4 per cent, of the 1913 coal production. .Since 1914 the hourly 
washing capacity has been increased by 13,055 tons, giving an 
estimated additional annual washing capacity of about 10 per cent, 
of the total coal production in 1925. Tlie average capacity of the 
pre-war washers (which include large numbers of small Greaves and 
Sheppard jigs) was only 39-0 tons per hour, compared with an 
average hourly capacity of 93-4 tons for those erected since 1914. 

PRESENT POSITION IN CONTINENTAL EUROPE 

• • 

Because the statistics available for other European countries 
cannot be checked so easily as those for Great Britain, the figures 
recorded in Table 52 may not be so complete. We believe that the 
figures recorded for France and Belgium are fairly complete, but 
no allowance is made for washers destroy^ed during the Great War, 
nor for the replacement of some of the older washers by newer types. 
The figures recorded in Table 52 are for the numbers and capacities 
of jig and Rheolaveur washers in France, Belgium and Germany.* 
For comparison, the figures for Great Britain, those for Rheolaveur 
washers in the United States of America, and for various washers in 
other countries are also recorded. 


Table 52. — Statistics of Different Types of Washers Built 




Jig Washers. 



Country. 

Liihng Typo. 

Huml)oldtTyi>e, 

Baum Ty|>c. 

Miscellanrons. 

Rheolaveur. 

France 

62 3,778 

45 2,412 

4 250 

I 90 

52 5.055 

Belgium 

75 5.508 

9 *499 

2 180 

— 

47 3.655 

Germany . 

435 29.197 

192 19,100 

160 35,840 

12 2,050 

6 870 

Great Britain 

314 11.071 

18 1,352 

MO 13.787 

154 5,025 

17 L 295 

U.S.A, 

— 

— 

— 

— 

12 3,055 

Other countries . 

34 2,155 

29 1,975 

47 4,100 

7 1,600 

32 2.875 

Total . 

925 52.854 

293 25.338 

I 353 34.157 

174 8.765 . 

> 166 i6f8o5 


From this table it may be seen that the earliest type of jig, the 
Liihrig type, has been buik in the largest numbers, and is still being 
built to-day. The Baum type is next in order of popularity, but it 
has been mostly confined to Germany and Greal Britain. In Great 
Britain, the Baum jig has proved more popular than any other type, 
but in Germany plunger jigs have been built in greater numbers. 
In recent years the Rheolaveur washer has superseded in favour all 
types of jig washers in France, and is the only European coal 
^vasher whicR has been greatly developed in the United States of 
America. * 

♦ ,jrhe washers included are Ejfiujn, Humboldt, Liihrig, Grdppel, Schiichtermann 
and Kremer, Meguin, Aufbcreitung, Coppee, Rheolaveur and others. 
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Assuming that the annual yearly capacity of coal washeries may 
be calculated for other European countries on the same basis as for 
Great Britain, the figures.recorded for hourly washing capacity may 
be compared with the total coal production, as in Table 53. 


Table 53, — ^Washing Capacity in certain European Countries 


• Country. 

Total 

Hourly 

Capacity 

(tons). 

•A. 

Estimated 
Yearly 
• Capacity 
(tons). 

B. 

Total Coal 
Production 
(tons) 
in 1925. 

A 

g X 100. 

France . 
lielgium 

Germany 

Great Britain . 

11.475 

9,842 

57.327* 

33.296 

22.950.000 

19.685.000 
114,654,000* 

66.592.000 

47,046,000 

23,I33»000 

157,000,000* 

*243,176,231 

48-8 

85-1 

730* 

28-3 


France. — In 1923 France produced 40-1 million tons of coal 
and imported ii-2 million tons from Great ‘Britain, 37 million tons 
from Belgium, and 3*2 million tons from Germany. During and 
immediately after the War the maintenance of her fuel supplies 
became an acute problem and much attention was devoted to the 
improvement of home supplies in quantity and quality. Such 
progress was made that (with the inclusion of Alsace-Lorraine) 
47*0 million tons of coal were produced in 1925, and France also 
gained a particular interest in the coal production of the Sarre 
district (whose output was 13-0 million tons in 1925). In 1925 the 
imports included 9-9 million tons irom Great Britain, 5-9 million 
tons from Germany, and 1-9 million tons from Belgium. 

Since 1914 the washing capacity of France has been more than 
doubled, and considerable increase in tlie coal-washing capacity of 
the Sarre district has also taken place. The average hourly capacity 
of the waslters built before the War was about 55 tons per hour, but , 
the new washers built had an average hourly capacity of nearly 
100 tons. It is of interest to note that the new washers built were 
nearly all Rheolavcur washers. 

Belgium. — In 1913 Belgimn produced 22*8 million tons of coal, 
and in 1925 slightly j|nore than this quantity. Only 15*3 per cent, 
of the coal produced in Belgium in 1925 contained over 2^ per cent, 
of volatile matter, most of the coal being very lean and, being 
friable, produced a lot of dust. Belgium cannot produce sufficient 
coal for her own needs, especially for coke manufacture, and in 1925 
imported 3-8 million tons from Great Britain (compared with 57* 
million tons in 1913) and 4-9 millionJions from other countries, chiefly 
Germany, Great care has therefore been devoted to increasing the 

* 1913 figures ; see 130. 
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value of the home supplies of coal. In 1914 Belgium had an hourly 
washing capacity of about 3,500 tons, equivalent (on the basis 
previously used) to about 30 per cent, of ^the total coal production. 
Many washeries were destroyed during the War, however, and since 
then new washeries with an hourly capacity of about 6,000 tons 
have been built, with an estimated annual capacity of over 50 per 
cent, of the annual coal production in 1925. The average hourly 
capacity of the pre-war washeries was 52 tons per hour, compared 
with an average of 136 tons for those built since the War. It will 
therefore be appreciated that Belgium is now in possession of sbme 
of the most up-to-date and efficient washing plants in Europe. 
Since 1923 the Belgian Railways Administration have jsntered 
into an agreement with the Coal Owners Federation to adopt a 
sliding scale for coal payrflents according to ash content. AboVe a 
basis of 12 per cent, ash content, a rebat? of 2| per cent, in price is 
made for each i per c^t. of ash^up to 17 per cent. ; from 17 to 20 
per cent, ash content, the rebate is 3 per cent, per unit of ash. 

Germany. — In 1913 the anthracite and bituminous coal * 
(Steinkohle) production in Germany (including Sarre and Lorraine) 
was 157*0 million tons and the hourly washing capacity was about 
57,000 tons. Oi; the basis previously assumed, the annual coal- 
washing capacity expressed as a percentage of the total production 
in 1913 was 73-0 per cent. If the coal production for the eastern 
part of Upper Silesia be included, the total coal production in 
Germany in 1913 was 189-9 million tons, and the estimated total 
annual washing capacity (neglecting small numbers of washers 
erected in Upper Silesia) expressed as a percentage of the total coal 
production in 1913 is reduced t/) 60-3. Within the boundaries of 
modern. Germany the total hourly washing capacity has been 
increased by 10,830 tons since the War, but the total production was 
reduced to 132-7 million tons in 1925. Germany has therefore the 
greatest total hourly washing capacity of any country in the world, 
and it seems likely that the percentage of the total coal wasljpd is 
higher than in any other country. 

The reason for the extensive practice of coal washing in Germany 
is that the seams are steeply inclined and are very much faulted 
(as in France and Belgium), and, moreover, the coals are generally 
very friable and produce a lot of smalls^. For example, at Zeche 
Westfalen I/II (after the removal of 12-5 per (jent. of dirt) from the 
80 mm. to o (3^- in. to o) coal, 17*4 per cent, of large nuts, 80 to 30 mm. 
(3J to in.), 6-6 per cent, of small nuts, 30 to ii mm. (i^^. to in.), 
and 76-0 per cent, of fine coal, ii mm. to 0 in. to o) were produced.! 

^ The coking coal { fett kohle) is the most friable, and this type of coal 
represents the largest proportion of the coal mined. For example, 
in 1925-6 in the Westphalian coalfield (where 80 per cent, of the 

i Braunkohle , brown coal, i« washed. 

I Taschenbuch Brcnnslo^ Wirtschaft und Fruerungstechnik, Halle, 1928. 
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• 

total German “ stone.*' coal is produced) 687 per cent, was coking 
[fett) coal, 20*3 per cent, was gas (flantm) coal, and ii-o per cent, 
was lean {ess and mager) coal. 

. The use of a large proportion of the coal for coke manufacture 
has stimulated the development of coal washing in Germany. In 
1913 about 40 million tons of coal were used for coking purposes 
and 6-5 rr]illion tons for briquette manufacture, the total amount 
of coal used for these purposes being 30 per cent, of the total stone 
coal production (excluding Eastern Upper Silesia). 

‘In Germany the modern practice of coal cleaning is to hand-pick 
the lump coal over 80 mm. (3^^ in.) size, and to remove the dust less 
than about in. before washing. The coal is then divided into 
three fractions, namely, washed coal, middlings and refuse. Some- 
tiihes the large middlings are crushed artd rewashed with the small 
middlings in a rewash box, and the product is used for boiler-firing. 
Froth-flotation processes, to clean^the slurry, are also being adopted 
at a number of washeries. An interesting development in Germany 
has been the amalgamation of the two firms who have built the 
largest numbers of washers in Germany (Schiichtermann & Kremer, 
and Baum A.G.) with Aufbereitung A.G. (the German agents for 
the Rheolavciir washer) under the style Schiichtermann & Kremer- 
Baum A.G. fiir Aufbereitung. 

Other Continental Countries. — Other continental countries 
which produce considerable quantities of coal arc Poland, Russia, 
Czecho-Slovakia, Holland and Spain. The present position of coal- 
cleaning in Poland and Czecho-Slovakia is somewhat difficult to 
assess owing to the fact that the boundaries of these countries are of 
recent arrangement, and it is difficult to obtain reliable information 
regarding the number of coal-washing plants available. By includ- 
ing, for Poland, those washers built before the War in Upper Silesia 
and, for Czecho-Slovakia, the washers built in Austria Hungary, 
approximate figures may, however, be given. 

Xhe coi^l production within the boundaries of what now consti- 
tutes Poland has decreased from 407 million tons in 1913 to 29-0 
million tons in 1925.* In Czecho-Slovakia the coal production has 
decreased from 14-3 million tons in 1913 to 127 millions tons in 
1925, and the production in Austria and Hungary is now negligible. 
In Russia the coal production in 1913 was 29-0 million tons, but 
fell to less than one^quarter of this total during and immediately 
after the War period, but it is now increasing, and was 17*6 million 
tons in 1925. In Holland, where only 1*9 million tons of coal were 
produced in 1913, the total has gradually increased until it was 
6-8 million tons in 1925. In Spain the coal production Ij^s increased ^ 
from 4-0 million tons in 1913 to 5*9 million tons in 1925. 

An estimate of the total hourly washing capacity and the per- 
centage of the coal washed is given in Table 54. , 

* In 1927, about 38 million tons. 
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Table 54. — Estimate of Washing Capacity in Various 
Continental Countries 




A. 

B. 

* 

Country. 

Total 

Hourly 

Wa.shing 

Capacity 

(tons). 

Total 

Annual 

Washing 

Capacity 

Total 

Coal 

Production 
in 1925 

A 

^ X 100. 


• (tons) . 

(tons). 


Poland . 

1,950 

3, *1900, 000 

29,080,000 

13-4 

Russia . 

2,2.54 

4,508,000 

17.637,000 

25-5 

Czecho-Slovakia 

4,140 

8,280,000 

13,1)02,000 

60-9 

Holland 

2,()«7 

4,174,000 

1), 848,000 

5, 8f >5, ()()() 

1 

6i*o 

Spain . 

1,173 

2,346,000^ 

39 ’fi' 


It will be seen that the estimated percentage of coal washed is 
high in both Czecho-Slovakia and in Holland. Most of the washers 
in Czecho-Slovakia, Poland and Russia were built before the War, 
but in Holland more than half the total capacity has been added 
since the War. Most of the Dutch coal is used for coke manufacture, 
and is of a type similar to Westphalian coking coal, being .somewhat 
friable. One interesting feature about coal-cleaning in Spain is that 
more froth-flotation plants have been built than in any other country 
except Germany. 

PRESENT POSITION IN JAPAN 

In Japan proper and in Maijchuria there are a large number of 
small collieries where the practice of coal washing has been adopted. 
Most of the coal washers have been erected since the War period. A 
summary of the numbers and capacities of coal washers is given in 
Table 55, based on figures recorded by Taiji lyoku {Journ. Fuel. Soc. 
Jap., 1927, 6, No.- 53), for a translation of which we are indebted to 
■ Mr. Tadaji Shimmura, of the Imperial Fuel Research Institute? 

The miscellaneous jig washers include twenty-two Kyoeki.sha 
jigs, of 870 tons per hour total capacity, which arc of Japanese design. 
Most of the other washers have been adapted from well-known 
European designs, five of them (it is interesting to note) originating 
in Great Britain. The popularity of the Blackett washer is very 
marked, 'the total capacity being greater than for the Blackett 
washers erected in Great Britain. Only one of these washers was 
supplied by the English firm (Messrs. M. Coulson & Co., Ltd.), who 
^ hold the En^li.sh patent rights. No patents were taken out in Japan, 
‘and the design was therefore copied for a large number of other 
plants. All the washers are of «mall capacity, much lower than is 
cusjomary in Europe. 

The total coahproductiofi in Japan was 21-3 million tons in 1913, 



THE PRESENT POSITION OF COAL CLEANING 133 


Table 55. — Number and Capacity of Coal Washers in Japan. 


Type. 

No. of 
Plants. 

Total 

Capacity 

(tons/hr.). 

Average 

Capacity 

(tons/hr.). 

Miscellaneous jigs 

72 

2,472 

34-3 

Baum .... 

29 

827 

41-3 

Humboldt .... 

. 3 

115 

38-3 

Blackett .... 

24 

945 

39-4 

Rheolaveur 

2 

44 

22*0 

Robinson .... 

2 

25 

12-5 

Elliott . . . ^ . 1 

2 • 

30 

15-0 

Draper . . . * . 

I 

16 

i6-o 

Concentrating tables . 

• ^ 

. 19-5 

6-5 

Froth flotation (Minerals 




Separation) 

I 

30 

30-0 

Total 

130 

i 

4.523-5 

34-9 


but had increased to 29*2 million tons in 1925. In 1913 the hourly 
washing capacity was only 567 tons, so that the estimated annual 
washing capacity was only 4 per cent, of the coal production. 
During the Great War, and particularly since the War, washers with 
a total hourly capacity of about 4,000 tons have been built, the 
estimated additional washing capacity being 27 per cent, of the 
total coal production in 1925. 

The new interest which Japan is taking in coal preparation is 
illustrated by the fact that during 1924-26 a screening and washing 
plant was erected by Bamag-Meguin A.G. for the South Manchurian 
Railway Company, at Fushun colliery, with a total capacity of 
1,000 tons per hour, this being claimed to be the largest coal prepara- 
tion plant in the world.* 

China. — In China, although 20-5 million tons of coal were pro- 
duced in 1924, we have only been able to*trace the existence of two 
washeries, so that the proportion of coal washed is probably very 
small. « 

PRESENT POSITION IN THE UNITED STATES OF AMERICA 

It is difficult to state the present position of coal-cleaning in 
America, for complete statistics of the washers ereT:ted are nof 
available. Many of the washers^used are — in European eyes — of 

rather primitive design, but the need of making efficient recovery 

• • • 


* This plant is not included in the statistics given by Mr. lyoku. 
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of saleable coal may not be so great in America as in Europe. In 
mining practice, for example, by the greater adoption of the pillar 
and stall method of working, larger quantities of coal are left in 
the mines, and a larger percentage of coal actually got by the miner 
is thrown back into the goaf. The average extraction of workable 
coal in U.S.A. is only 65 per cent., and of the 35 per cent, lost, 19 per 
cent, was classified as avoidable (“ U.S. Coal Commission’ Report,” 
III., 1841). By making a low percentage extraction it is often pos- 
sible to send only the best quality of coal to the surface. The total 
production of coal in 1910 was 492*5 million tons (including 75*4 
million tons of anthracite) and 578*2 million tons (including 55*2 
million tons of anthracite) in 1925. 

In America the bituminous coal seams arc usually flat, the roofs 
and floors are generally good, and the average thickness of the seams 
worked is over 5 ft. It has therefore been possible to win the coal 
without much contamination with 'free dirt. Formerly much of the 
coal mined was sold as ” run-of-mine ” without any screening or 
cleaning but, whilst a large proportion of the output is still sold 
unscreened, intensive competition has led to the development of 
screening and hand-picking of the larger sizes for the domestic 
market. In Alabama only, the soft and friable nature of the roofs, 
and the presence in the seams of soft dirt partings, has compelled 
extensive use of coal-washing methods. Official figures are given for 
the actual tonnage of coal washed.* These are recorded in 
Table 56. 


Table 56. — Amount of Coal Washed in U.S.A. 



Amount of 

f 

('lean Coal 

Clean Coal 

Year. 

Coal Washed 

l*roduction 1 

])er cent of 


(tons) 

1 (<oiis). 

1 

d otal Output. 

1906 

10,425.455 

1 

j 

9,251,946 

.27 . 

■ 1913 

25,051,801 

22,069,691 

4-6 

1923 

22,364,986 

20,140,385 

3-0 


The amounts of coal washed in 1923 in certain coal-producing 
States are Recorded in Table 57. • 

The amount of dirt washed out was only 7*7 per cent, in Pennsyl- 
vania and averaged 10*0 per cent, for the whole country. These 
figures show how different is the American position from that of 
i^urope, for AJabama is the only large coal-producing State in which 
a large proportion of the coal mined is washed. Moreover, of the 
total amount of coal washed in U.S.A., 61 per cent, is Alabama coal. 
In the biggest coalfields, .n^imely, Pennsylvania, West Virginia, 

* Miiteral Kesourc^js of the U.S., 1924, Part II. 
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Table 57. — Amounts* of Coal Washed in Various States in 

U.S.A. (1923) 


r 

State. 

Coal Washed, 
(tons) . 

Clean Coal 
Produced 
(tons). 

Refuse 

Removed 

(tons). 

Clean Coal 
(per cent.) 
of Total 
State 
Output. 

Alabama . 

13.570.913 

12,285,695 

1,285,218 

6o*i 

Pennsylvania 

2.705.955 

‘2,496,843 

209,112 

1-5 

Illinois. 

1,718,971 

1,520,819 

198,152 

1-9 

West Virginia 

1,258,192 

1,144,693 

113,499 

i-i 

Washington 

907.339 

722,320 

185,019 

247 

Tennessee . 

445^975 

390,275 

55.700 

6-5 

Michigan 

218^,180 

197,154 

21,026 

i6-8 

Georgia * . 

25.917 

« 24,161 

> 1,756 

32-0 

Other States 

1.513,544 

— 

— 

— 

Total . . 1 

i 

22,364,986 

20,140,385 

2,224,601 

3*6 


Illinois, Kentucky and Ohio (which together produce about four- 
fifths of the bituminous coal), only about i per cent, of the coal 
produced is washed. 

In Europe, coal washing was first developed extensively to wash 
the small coal for coking purposes, and although more coal is used for 
coking purposes in America than in any other country, the whole 
of the run-of-minc coal is usually used, and a sufficiently low ash 
content is possible. Of the total cgal charged to coke ovens in 1923 
only i6-6 per cent, was washed (9*9 per cent, in Alaban^a alone), 
but the washed coal used for coking amounted to 697 per cent, of 
the total washed coal available. Nearly all (96*3 per cent.) of the 
coal charged to the coke ovens in Alabama, and all the coal coked in 
Colorado, Georgia, New Mexico and Washington was washed, in 1922. 
Except for Alabama, however, these States are not large coke pro- • 
ducing States. 

The Wyoming and T.ehigh districts of Pennsylvania yield rather 
more than two-thirds of the present American anthracite production, 
and the Schuylkill district of Pennsylvania the remainder. The 
anthracite seams in^Wyoming and Lehigh are flat and fairly clean, 
but in Schuylkill the scams are steeply inclined, folded, badly 
faulted, and are of variable thickness. The anthracite i>roduced is, 
therefore, relatively dirty. The reserves in the Wyoming and Lehigh 
districts are limited, but it is estimated that the Schuylkill district 
contains most of the coal that will be produced in the next seventy- 
five years ” (Dominion Fuel Boerd No. 5, Ottawa, 1925). The 
necessity for more careful preparation will, therefore, become more 
important in the future than it is at present, and^the great interest 
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displayed by the anthracite operators in modern methods of coal- 
cleaning is perhaps an augury of future development. 

In the early days of the anthracite mining industry run-of-mine 
coal, from which the sizes less than ij in! were removed, was sold, 
the finer sizes being left in the mines. Later, the demand for sized 
fractions led to the screening of the saleable product and to hand- 
picking of the larger sizes. Subsequently, the large coal was broken 
to produce domestic nuts, and Ihe smalls (about 15 to 20 per cent, 
of the total) resulting from this treatment was dumped on culm- 
banks, there being no demand for it. As uses were found for *the 
smalls, however, the culm-banks were washed, this movement 
being stimulated about IQ15 by the scarcity and high . prices 
obtaining. 

In 1890, 76*9 per cent, of the anthracite shipped was larger titan 
pea size, 23*1 per cent, being pea or smSller. In 1912, however, 
the percentage of domestic sizes had fallen to 60 *8 per cent., and 
that of pea and steam sizes had risen to 39-2 per cent. During the 
next ten years the demand for peas decreased from about ii*5 to 
about 8 per cent, of the total, and the figures for 1923 were : 
Domestic sizes, 637 per cent. ; peas, 8-i per cent. ; buckwheats, 
28*2 per cent. 

The introduction of the Chance process in 1921 enabled the 
larger sizes to be cleaned more easily than had been possible or 
customary in jigs, all sizes up to 4 in. being cleaned, and the Chance 
process rapidly became popular because it was cheaper to instal and 
operate than the old jig processes, and required less attention, 
labour and floor space. To-day it has a serious rival in the Rheo- 
laveur process. The Rheolavcur washer has the advantage that it 
can clean coal below ^\. in., a size which is often the dirtiest, and 
which cannot be treated at all by the Chance method. The Deister- 
Overstrom table is also becoming popular for anthracite cleaning, 
but the Chance and Kheolaveur process have the advantage that 
they can handle sizes up to 4 in., and require less floor space, power 
and attention. 

In the Wyoming district the pea and buckwheat sizes (through 
\ }. in.) were fairly clean, and only recently has washing been instituted. 
Usually the larger sizes (over in.) arc cleaned on spirals, and the 
smaller sizes (through in.) are either uncleaned or are washed in 
jigs. In the Lehigh and Schuylkill districts, hand-picking is usual 
for sizes above 3 ^-^ in., and jig washers have bepn used for 30 to 40 
years for the sizes 3;^'^^^ in. to ^ in., and occasionally for sizes 6 to 
3/0 in. 

Complete figures for the amount of anthracite cleaned or washed 
cannot be given, but the proportion of the total production is 
probably high. For example, there were 250 Elmore jigs, each 
with a capacity of perhaps 40 tons per hour, installed in Pennyslvania 
from 1903 to 1921. On the basis previously assumed, the estimated 
annuhl capacity of .these washers is at least 20,000,000 tons, or one 
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quarter of the total anthracite production. In 1923, 4 million tons 
of anthracite were recovered from culm-banks and washed. 

In America the preparation of anthracite requires more care 
than the preparation of bituminous coals, for, apart from the fact 
that in certain districts the anthracite seams are dirtier than the 
bituminous coal seams, nearly two-thirds of the output is used for 
domestic purposes, for which higher standards of purity are required. 
Table 58 shows the amounts of impurity which are allowed in different 
sizes of anthracite for sale to specification (Coal Catalog. Pittsburgh, 
Pa.‘ 1925). 


Table 58. — Permissibi.e Amounts of Dirt and Bone Coal 
IN Different Sizes of American Anthracite 


9 


Per cent. 

Name. 

Sizc*(iii.).* 

« 

Dirt. 

" 

“Bone” Coal 

Broken (or grate) . 

4 -2i' 

I 

2 

Egg . 

25-2 

2 

2 

Stove .... 

2 -iji 

4 

3 

Chestnut 

-r 

8 4 

5-7 

5 

Pea .... 

3 1 

4 2 

8 

10 

Buckwheat . 

hi 

10 

10 


The figure's ill Table 59 give the numbers of washing plants in 
the State of Washington, U.S.A., up to the end of 1924 (Macmillan 
and Bird, Bull. 28, Univ. of Wash. Eng. Exp. Stat.). In 1923, 
907,339 tons of coal were washed in this State, amounting to 247 
per cent, of the total output. The other figures give the numbers 
and types of washers (including pneumatic tables) erected in the 
anthracite *and bituminous coalfields of IJ.S.A. during 1926 (Frazer, 
Coal Age, 1927, 31, 33). 

It will therefore be seen that, since its introduction in 1920, 
the Deister-Overstrom table has made rapid progress, almost to 
the exclusion of other types of concentrating tables. These figures 
show that concentrating tables are used considerably in U.S.A. In 
the State of Washiiif^on nearly half the plants include concentrating 
tables. 

From 1903 to 1921 about 100 Elmore jigs were erected in the 
bituminous coalfiekls. Assuming a capacity of 40 tons per hour 
for each jig, the estimated annual washing capacity &f these jigs® 
would be 8 million tons, or about ope-third of the actual amount of 
bituminous coal washed. 


■ 

Square holes. 
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No. of Washers Erected in U.S.A 


Type of Washer. 

No. of Washers 
in Washington, 
U.S.A. 

during 192O. 

Anthracite I^ituminous 

Mines. Mines. 

Jigs, miscellaneous 

48* 

8 

2 

Cone washers . . i 

4 

— 

e 

Concentrating tables : 




Deister-Overstrom . 

12 ! 

II 

2 

Dcister Plat -0 . . | 

4 

— 

— 

Massco . . 

^ i 

— 

. — 

0 verst rom Universal . 

d i 

— 

— 

Chance 

— 

12 

I 

Rheolaveur . 

— ; 

() ; 

2 

Ilydrotator . 

— 1 

2 

— 

Pneumatic tables . 

— 

— ; 

13 


Present Position in the British Empire 

Large quantities of coal are produced in a number of the British 
Dominions, the coal production (excluding lignite) in 1925 being : 
India, 20*2 million tons ; AustnjJia, 14*9 million tons ; South Africa 
(including Rhodesia), 14*5 million tons ; and C'anada, 8*6 million 
tons. The numbers of plants erected by European coal-washery 
constructors is very small, only the Baum washer having been built 
in any numbers (four in South Africa and three in C'anada). One 
Meguin washer has been built in Australia. India has apparently 
none of the wa.shers popular in Europe, but it is known tViat Indian 
coals do not lend themselves to ordinary coal-washing methods, 
because they ha\x' a very high percentage of fixed ash. 
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THE HUMBOLDT jlc WASHER 
• • 

The Humboldt Engineering Company was formed in 1870, 
incorporating a smaller firm, Sievers & Co., which had been building 
mining machinery in the Ruhr district of Germany since 1856. A 
Siev.ers’ jig built in i860 is iUustrated in Fig. 26. It consisted of a 
short but broad-limbed U-^aped vessel, in one of the limbs of which 
the plunger worked, and the sieve was placed horizontally in the 
other. The plunger, of rectangular cross«section, received its 
impulses from a rotating shaft by means of a disc-crank lever 
system, which made the downstroke quicker than the upstroke. 
Water was continuously admitted to the wash-box through the 
main, h, the water flow being regulated by means of the valve, i, 
which was controlled by a hand-lever. During the upstroke of the 
plunger, the inflow of water helped to reduce the effect of suction 
on the bed above the sieve, and, during the downstroke, the water 
flow carried the upper layers of material from the bed through the 
openings, a, set at the four corners of the washing compartment, 
into the channels, h, from which the material was carried to the 
collecting trough, c. The dirt was removed through two openings, u, in 
the sieve, into the dirt pipes, r, which discharged into the channel, 1 . 
The dirt removal was governed by means of hand-levers, t, The 
finest dirt which passed through the sieve was removed through the 
bottom opening, g, at intervals, by the manipulation of another 
lever. 

It may be noted that the general design of the wash-box was 
supeiior to <that of many of the other early jig-washers in that the 
plunger and sieve areas were well proportioned, the water currents 
produced by the plunger were not throttled, and the shape of the 
bottom portion of the jig aided the attainment of uniform water 
currents over the whole area of the sieve. The disadvantage of 
this form of jig was the slow rate at which the dirt could be 
removed, on account«of the small dimensions of the exit Rprts, and 
the washing capacity was therefore limited. The area of the sieve 
used in the wash-box illustrated in Fig. 26 was only 0-84 metres by 
0-68 metres (2 ft. 9 in. by 2 ft. 2 in.), and the number of strokes 
made was 41 per minute. Attempts were made to increase the „ 
capacity of the washer by increasing its size and by the construction 
of a double washer (1868), in which*a sieve was placed on either side 
of the plunger compartment. . r , 

The Humboldt Company — after the incorporation of the Sievers 

«39 
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firm in 1870 — still built wash-boxes -rounded cross-section. 
Towards the end of the nineteenth centmy, the design was altered 
and the form of wash-box illustrated in ¥ig. 27 was adopted. In this 




Fig. -Cross-Section and Plan of Karly Sieves Wasli-box. 


‘design, the lower portion of the wash-box was made of rectangular 
pyramidal shape, the weight of the wash-box being taken by two 
supporting beams at the syie^jS. The ratio of the plunger to the sieve 
area was reduced.irom i to,i as used in the Sievers’ jig, to 3 to 4 or 
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for the removal of the dirt. The uncovering p*f the slots was governed 
by means of a hand-lever, 6. The water ^w was similar to that in 
the earlier Sievers* jig, the valve, g, being ^verned by a hand-lever, a. 
The dirt was carried by a stream of watW through the slots in the 
front plate of the box into the channel, c. The finest dirt passing 
through the sieve was removed through the opening, dy governed by 
means of the hand-lever, /. The raw coal was admitted at the back 
of the wash-box near the partition between the two compartments 
of the box. 

For the fine-coal washei', the general design of the wash-box 
was similar to that of the nut-cdal wash-box, but two units were 
joined together, and the direction of flow of the coal through the 
wash-box was parallel to the division plate between the sieve and 
the plunger compartments, the method which Liihrig introduced in 
his fine-coal washer (see Fig. 28). Thus the speed of travel of coal 
through the wash-box was slower than in a nut-coal wash-box, and 
the coal was subjected* to a greater number of pulsations during its 
passage through the box. 

A layer of feldspar was placed on the sieve and the apertures of 
the sieve were large enough to allow the dirt to pass through. Thus, 
as in all feldspar washers, no dirt removal valves were necessary, 
and the dirt settled to the bottom of the pyramidal portion of the 
box which was connected to a bucket elevator. 

For both types of washer a knee-lever mechanism was 
employed to give a slower movement of the plunger in the upstroke 
than in the downstroke. This mechanism is illustrated in Fig. 29. 
It consisted of a revolving shaft, a, to which was fixed a crank, /, 
which was connected by means of a link, c, to a bent lever, d. At 
its other extremity the bent lever was connected to a rocking shaft, b, 
which carried a crank, to which the eyes of the plunger rod were 
fastened by a pin. In Fig. 29 a side view of the revolving shaft 
crank and the connecting link to the bent lever is shown. The crank 
pin connecting the revolving shaft crank and the link could be 
adjusted within the limits of the slot, A, to vary the diameter of the 
circle travelled by this crank pin, and so vary the length ot the stroke 
made by the plunger. In the position of the mechanism illustrated 
in Fig. 29 the rocking-shaft crank pin, and consequently the plunger, 
is in its highest position.. As the revolving-shaft crank, /, moves 
in a clockwise direction the rocking-shaft crank pin is depressed. 
When the revolving-shaft crank pin is in the position, B, the rocking- 
shaft crank pin is in its lowest position, Bj. As the revolving-shaft 
crank pin continues to descend, the roc'king-shaft crank pin rises, 
and reaches its highest position, T^, when the revolving-shaft crank 
pin attains its highest position, T. As the revolving shaft is driven 
by a pulley a^: a constant speed of rotation, the plunger is depressed 
during a third of the time taken hy the revolving-shaft crank pin to 
complete a revolution. The time taken for the downstroke of the 
plunder is therefore one-half of the time taken for the upstroke, 
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and the effect of the melanism is to make the velocity of the upward 
water currents through\he sieve twice the velocity attained by the 
downward 'water current A 

^ The ratio of the veloofties of the downward and upward water 
currents through the bed of the jig was further reduced by admitting 
water constantly to the jig. The effect of the continuous addition 
of water was to increase the velocity of the upward current during 
the downstrbke of the plunger. During the upstroke of the plunger, 
when there was no overflow from the box, the added water tended 
to compensate for the upward displacement of the plunger, so that 
the amount and velocity of the water passing down through the 
sieve was reduced. 

The use of similar differential mechanism was very popular in 
.the* earlier coal-washing jigs, though less.use was made of them in 
later types. In ore-dre.sskig practice, the knee-lever mechanism 
was first applied to the washing of small-sized materials, and was 
later applied to the washing of cc/arse-graintd materials. In coal- 
wa.shing practice, on the other hand, the ‘‘ knee-lever ” mechanism 
was first applied to nut-coal jigs and was later used for fine-coal 
jigs. The “ knee-lever mechanism was, however, used, instead 
of the eccentrics, in the Humboldt washer for fine coal. With the 
use of an eccentric in the Sievers jig, the times taken for the upward 
and downward strokes of the plunger were the same. Consequently, 
the difference between the upward and downward water currents 
through the bed on the sieve, which is obtained when using a 
differential mechanism, was absent. In the latter case any differen- 
tiation obtained was due to the water flow alone. 

It was the custom in Humboldt washeries built in the latter 
part of the nineteenth century to divide the raw coal into a number 
of fractions before washing. These* fractions, which in one instance 
quoted, for a washery erected at Iffanzy, France, in 1898, of 80 tons 
per hour capacity, were six in number, namely, 60 to 45 mm. (2| 
to i| in.), 45 to 25 mm (ij to i in.), and 25 to 10 mm. (i to | in.) for 
the^nut-sized coal, and 10 to 7 mm, (g to J in.), 7 to 3 mm. (J to 
i in.), and*3 to o mm. to o in.) for the fine coal. These fractions 
were washed in five nut-coal wash-boxes and five fine-coal wash- 
boxes, whilst the cru.shed large dirt was rewashed. 

After Baum had shown that it was not necessary to divide the 
coal into so many fractions before washing, the number of wash- 
boxes used in a Humboldt washery was reduced, though the practice 
of sizing before w^fthing was still employed. It was also found 
possible to wash fine coal successfully without the use of a feldspar 
bed. 

In a Humboldt wa.shery of more moflern construction, washing 
125 tons per hour, the unwashed coal arrives at the washery h\ 
wagons and is unloaded into the^ elevator pit, A, Fig. 30. From 
this point the raw coal is elevated to the top of the building and is 
delivered to the screens for classification. In this example K)i a 
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Humboldt washery the coal is brought to tlj 4 top of the washery by 
two elevators and is discharged on to out of the fixed sieves, B. 
The raw coal is split into two fractions,^ and through a 7 mm. 
(0*28 in.) screen. The coal less than ^ mm. size is collected, by 
enclosed launders under the fixed sieves, and is passed to the fine 
coal bunker, H, Fig. 31. This fine coal is then carried by an 
elevator, V, from the bottom of the fine-coal bunker and is dis- 
charged on to a screw conveyor, I, which distributes the coal over 
the dust screens, a plan of which is given in Fig. 32. From this 



illustration it will be seen that there arc twenty-two screens arranged 
in two rows of eleven on either side of the central screw conveyor, I, 
Figs. 31 tjmd 32. The screens are gently incHned away from the 
screw-conveyor and arc vibrated by ratchet wheels working on a 
.shaft which passes under each row of eleven screens and near to 
the .screw conveyor. 1'he line coal works its way down the .sieves, 
^vhich are oUi mm. i”-) mesh, so that most of the fine dust less 
than this size passes through the sieves and is carried by the screw- 
conveyor, J, Fig. 31, to the dust*hopper, K, from which it may be 
mixtd with the washed caking slack, if of suitable quality. The 
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fine coal passing over\he dust screens drops into a trough inclined 
downwards towards thes middle of its length, and is carried by a 
stream of water, entering at each end of the trough, into a launder. 



E, Figs. 31 and 32, and thence to the fine coal wash-box, G, 

The coal which has passed over the 7 mm. screen is discharged 
on to the ii mm. (0*43 in.) shaking screen, C, Fig. 30, and the large 
coal passing over this screen is carried ^by a stream of water in, the 
launder, D, Fig. 31, to the nut-coal wash-box, F.* The coal passing 
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Humboldt washery the coal is brought to tl^ top of the washery by 
two elevators and is discharged on to or )4 of the fixed sieves, B. 
The raw coal is split into two fractions, /on and through a 7 mm. 
(0*28 in.) screen. The coal less than ;^mm. size is collected ^by 
enclosed launders under the fixed sieves, and is passed to the fine 
coal bunker, H, Fig. 31. This fine coal is then carried by an 
elevator, V, from the bottom of the fine-coal bunker and is dis- 
charged on to a screw conveyor, I, which distributes the coal over 
the dust screens, a plan of wliich is given in Fig. 32. From this 
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illustration it will be seen tljat there are twenty-two screens arranged 
in two rows of eleven on either side of the central screw conveyor, I, 
Figs. 31 4nd 32. The screens are gently incltned away from the 
screw-conveyor and are vibrated by ratchet wheels working on a 
shaft which passes under each row of eleven screens and near to 
the screw conveyor. The line coal works its way down the sieves, 
^hich are of»i rnm. in.) mesh, so that most of the line dust less 
than this size passes through the sieves and is carried by the .screw- 
conveyor, J, Fig. 31, to the dust*hopper, K, from which it may be 
mixfd with the washed ceking slack, if of suitable quality. The 
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fine coal passing over Ajie dust screens drops into a trough inclined 
downwards towards the' middle of its length, and is carried by a 
stream of water, entering at each end of the trough, into a launder. 



E, Figs. 31 and 32, and thence to the fine coal wash-box, G, 
Fig. 31- 

1 he coal which has passed over the 7 mm. screen is discharged 
on to the ii mm. (o-43 in.) shaking screen, C, Fig. 30, and the large 
coal passing over this screen is carried ^by a stream of water in, the 
launder, D, Fig. 31, to the nut -coal wash-box, F. • The coal passing 
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through the ii mm. screen (being alreadyy^eater than 7 mm. in 
size) is carried into the launder, E, wherofit joins the CQal smaller 
than 7 mm. coming from the dust-screening plant. The mixed 



Fig. 32. — Plan of Dust Screens. 


sizes pass to the fine-coal wash-box, G. The sizing of the coal 
before washing may be summarised as follows : — 

Raw Coal. 

7 mm. sieve 

A 

through/' \on 

/ \ 

I mm. sieve ii mm. sieve 

through^^^^^n thr^'^^s^on 
I I I I 

o-i mm. 1-7 mm. 7-1 1 mm. over ii mm. 

Dust ho])per Mne-coal washer Nut washer 

In this way the size ratio of the coal passing to the nut-coal 

2*5 6 ' ' 
wash-box is — — - (assuming that the largest size of coal treated 
0*43 I 

is 2J in.), and the ratio for the coal passing to the fine-coal wash-box 

. 0*43 II 

IS - — — . 

0-04 I 

In the washer illustrated in Figs. 30 and 31, the nut and the 
fine-coal Wash -boxes are placed end to end for convenience in control. 
From Fig. 31 it will be seen that the nut coal is carried along by 
the stream of water in the launder, 1 ), to the wash-box, F, whilst 
the fine coal enters the wa.sh-box, G, through the launder, E. The 
* points of acfmission of the coal are thus at adjacent ends of the two 
wash-boxes, and the flow of th^ horizontal water currents in the 
two wash-boxes is in opposite directions. The washed nuts are 
discharged into the launder* O, and are later joined by the washed 
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fine coal at O^, the combined products being carried into the dredging 
sump, P. . From this sump the coal is elevated by means of the 
drainage elevator, Q, whifh consists of an endless series of perforated 
trough-shaped buckets connected together by means of link chains 
working on inclined guides. A view of a drainage elevator is shown 
in Fig. 33. The buckets move upwards at a slow speed which 
permits a certain amount of drainage before the contents of the 
buckets are delivered into a shoot, from which they pass to a con- 
veypr and to the drainage bunkers, S, Fig. 30. After drainage in these 
bunkers for a suitable period, the washed slack is conveyed to a 
storage bunker in connection with the coking plant, or it may be 
loaded into wagons. The circular table, which forms the base of 
each drainage bunker, is rotated, and ,the coal is guided by a 
plough ” on to a movii^g rubber belt, which conveys the coal to 
the storage bunker or to the wagon-loading shoots. 

The water which has carried the washed«coal into the dredging 
sump, P, overflows from here into a series of spitzkasten, or slurry 
settling tanks, W, Wj, Wg, W3, etc., Figs. 30 and 31. The fine 
particles of coal and dirt which are unable to settle in the dredging 
sump, P, because of disturbances caused by the influx of the washed 
coal and the movement of the drainage elevator, settle in these 
tanks, the coarsest particles of the slurry in the first tank, Wj, 
and the finer particles in the successive tanks, Wg, W3. The 
clearest water is pumped by the pump, Z, and circulated through 
the mains to the various launders, D, E. An overflow pipe is fitted 
in the settling tank, Wg, Figs. 30 and 31, in case of failure of the 
main pump. 

The slurry settled in the spitzkasten is periodically run off 
through the bottom openings into ishannels (see Fig. 30), and to a 
slurry .sump, whence it is pumped by the centrifugal pump, X, 
Fig. 31, on to a fine mesh sieve, Y. This sieve filters out all save 
the finest particles, which, with the bulk of the water, passes through 
the sieve into the dredging sump, P. The coarsest particles of 
slurry are washed on to the top of the buckets of the drainage 
elevator, Q. 

Some of the refuse passes through the sieves of the wash-boxes, 
but most of the dirt collects on the sieve and is periodically allowed 
to run through into the refuse-collecting launders, by the release of 
the gate covering the refuse ports. The rejected refuse settles in the 
pyramidal bottoms erf the wa.sh-boxes, L, and thence passes down 
the refuse-collecting pipes which unite at the boot of a refuse 
elevator, M. The refuse is elevated and discharged ^into a refuse 
hopper, N. The elevator is totally enclosed and filled with water 
up to the level of the water in the wash-boxes, so that the refuse i 
may be continually removed in a closed circuit. 

The nut-coal wash-box and the*fine-coal wash-box both consist 
of two compartments, in each of which the coal is subjected to a 
jigging motion. A side view of one compartment is*shown in Fig. 35, 
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in which s is the fixed sieve, and p the plunger, operated by means 
of the adjustable eccentric, e. The washed coal flows over a weir, 
and the dirt is removed by raising the gate covering the refuse ports. 
The dirt passes through the ports to launders leading to the collectihg 
cone below the sieve. In each of the two compartments of one wash- 
box there are two plungers working independently, so that the coal 
is subjected to a number of pulsations in its passage through the 
box, and ample opportunity for stratification is provided. 

In the nut-coal wash-box, the fixed sieve in the first compart- 
ment is a 12 mm. in.) screen, so that the apertures arc slightly 
larger than the size of the smallest particles washed in that wash-box. 
In the second compartment of the nut-coal wash-box, the fixed 
sieve is an 8 mm. (i\in.) screen. The two compartments of .the 
nut-coal wash-box are of the same size, Mamely, 5 ft. 5 in. by 5 ft. 
10^ in., so that the total length of travel of the nut coal through the 
wash-box is 10 ft. 10 In. The number of strokes per minute made 
by the plungers in each compartment of the nut-coal wash-box is 
fifty-six, but in the first compartment the length of the stroke is 
7 in., compared with 5J in. in the second compartment. 

The fine-coal wash-box is of the same width as the nut-coal 
wash-box, but the length of each compartment is increased to 
7 ft. I in., and the total length of travel of the fine coal is 14 ft. 2 in. 
The size of aperture in the fixed sieve of this wash-box is the same 
ill each compartment, namely, 5 mm. (j^\in.), so that the finest 
particles of dirt may pass through the sieves. The bed is therefore 
left in a more open condition, approximating to that found in a fine- 
coal wash-box using a false bed of feldspar, but consisting actually 
of the coarser particles of dirt. In each compartment of the 
wash-box 40 strokes are made fer minute, the length of stroke being 
4 in. in' the first compartment and 3 in. in the second compartment. 

The average results of working over a period, in the washer 
described, showed that 2-5 per cent, of free dirt remained in the 
washed coal, and 275 per cent, of free coal passed away with the dirt. 

When the number of strokes per minute, and the length of^each 
stroke in each compartment, as well as the quantity of water in 
circulation, have been fixed, the conditions which remain under the 
control of the washeryman are the rate of feed of the coal, and, more 
particularly, the rate at which the refuse is removed. In this 
v/ashery, in the absence of storage bonkers to enable a uniform 
rate of feeding of the raw coal to be made, anfidjustment is made of 
the amount of coal entering the bottom of the raw coal elevator 
from the elevator pit. This is made possible by the use of a slide, 
over the opening into the elevators, worked by a spindle and hand- 
wheel, th^ latter being situated on the wash-box floor so that it 
may be adjusted by the wa.sheryman. Although this method of 
using a slide in the elevator pft does not allow the same degree of 
control as the use of a bimker set at the top of the raw-coal elevators 
(on account of t*he interval of time elapsing between the discharge 
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of the contents of the elevator after an adjustment of the bottom 
slide has been made), it has the advantage that it obviates the cost 
of bunkers, and so is frequently used. 

* Assuming a regular rate of feed of raw coal to the wash-boxes, 
a layer of refuse 
accumulates on the 
sieves and constitutes 
what is called the 
bed ” of the washer. 

The thickness of the 
bed is controlled by 
removing a quantity 
of refuse periodically, 
by lifting the lever, 

/, Fig. 35, and un- 
covering *the refuse- 
removal ports. In 
two -compartment 
jigs (such as those 
described in this 
chapter), there are, 
in each wash-box, 
two refuse ports with 
suitable gates and 
levers. A view of 
the two wash-boxes, 
shown diagram- 
matically in Fig. 31, 
is given in Fig. 34. 

In the first compart- 
ment of the jig the 
heavier dirt settles to 
the bed, and the 
liglffcer dirt* is mostly 
removed in the 
second compartment. 

It is therefore fre- 
quently the practice 
to leave the refuse 
gates of the firs# 
compartment slightly 
raised to allow a 
constant removal of 
part of the heavier 
dirt. This is arranged by setting a pin through a hole in the lever, 
/, Fig. 35, and through a quadrant in front of which the lever moves, 
thus fixing the extent of the opening of*the refuse gate as desired. 
If the rate of feed is constant, and the percentage of dirt in 
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the raw coal does not vary greatly, it is possible by this means to 
maintain an almost constant depth of dirt bed in the first compart- 
ment. If the depth of the bed increases too rapidly, the excess 
may be removed by opening the refuse port fully at intervals. 

In the second compartment of the jig, where the lighter dirt 
settles, the thickness of the bed is more usually governed by inter- 
mittently opening the refuse ports. The conditions in this bed will 
therefore vary more than in the bed of the first compartment, and 
it is in the control of these variable conditions that the skill and 
conscientiousness of the washeryman are important. To determine 
the thickness of the bed the washeryman may use a light rake or 
other convenient tool, and rest it on the top of the material in the 
wash-box, and, whilst exerting a gentle pressure, allow the rake, to 
move upwards and downwards with the* movement of the water 
currents. In a short time the rake will pass through the layers of 
coal and will rest on tht bed, whfch will offer a greater resistance to 
movement. By exerting a greater pressure it is possible to pass 
through the bed and reach the fixed sieve on which the bed rests. 
Thus it is possible to measure the thickness of the bed ; when it is 
too thick it is said to be '' heavy/' and it is “ light " when the bed 
is not sufficiently thick. 

In the Humboldt washer there are also small pressure-release 
compartments fitted with slots at the front and back of the wash-box 
before each refuse gate (see Figs. 34 and 35). These compartments 
are in communication with the fixed sieve. When the bed is not 
“ heavy " the impulse of each downward stroke of the plunger is 
fairly uniformly expended throughout the area of the bed. When 
the bed becomes heavy " its resistance increases, and the water 
currents may not be sufficientlj?^ strong to pass through the bed. 
Release ’of the pressure is then obtained through the pressure- 
release compartments. This pressure-release causes water to be 
spouted from the slots of the compartment and draws the washery- 
man's attention to the state of the bed. 

If the bed is too thin, light dirt particles may be rafeed by •the 
upward water currents and be carried over with the washed coal. 
If the bed is too thick the upward currents of water are insufficient 
to overcome the resistance of the bed, and coal particles may sink 
and be carried away with the refuse, and removal of dirt with the 
washed coal may also occur. If the rate -of feeding of the raw coal 
is too great, the coal, on entering the wash-box,^ay pack solidly on 
the bed and rise above the surface of the water, making the compact- 
ness of the freshly-fed coal excessive and preventing that free 
movement of the coal and dirt particles which is necessary for 
<oeparation. •This state of affairs is usually only found to occur 
near the end of the wash-box at which the feed enters, because, as 
the coal travels towards the discharge end, the upward currents 
breik up the compact mas» and permit stratification of coal and 
dirt particles. If "'the first upward current of water be employed 
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in breaking up the compact mass, it is prevented from effecting any 
separation of coal and dirt ; consequently, there may be one less 
pulsation in which to bring about stratification, and the efficiency 
of washing may be reduced. Furthermore, if the refuse gates have 
been recklessly opened to meet the sudden increase of feed, coal 
may be found in the dirt, or, as is more common, dirt may be carried 
over with the washed coal. 

One of the most important fact6rs in maintaining efficiency of 
washing, apart from the human factor- involved in the control of the 
refuse gates, is the maintenance of a constant feed of raw coal to 
the wash-boxes. The regularity of feeding may be interfered with 
by external conditions, such, for example, as the irregular arrival 
of .wagons of raw coal to the washery, of by a shortage of wagons 
to remove washed nuts os refuse, for which only small bunker space 
may be provided. Internal conditions such as failure of power, 
mechanical failure of the main washery purrfp, or of other essential 
portions of the plant, may also interfere with regular working. On 
restarting after temporary stoppages it is necessary to recover a 
suitable working bed, and, during this period, dirt particles may be 
carried over with the washed coal. A further disadvantage of a 
stoppage is the settling of slurry in the dredger sump so that, on 
restarting the plant, large quantities of settled slurry are brought up 
by the elevators en masse, instead of being distributed evenly and 
admixed with coarser coal. It is well known that an aggregation of 
slurry, containing a larger quantity of ash and water than an 
average sample of washed coal, when included in a charge to a 
coke oven, for example, interferes seriously with the regular dis- 
charging of ovens, and gives an inferior coke product containing 
much breeze. Thus it is most important for the regular working 
of a washery to have well-designed sidings and to have an- efficient 
system of traffic control, whereby shortage of wagons of unwashed 
coal, or of empty wagons to remove the products, may occur only 
rarely. 

Among* other circumstances which lead to inefficient washing 
are those which give abnormal conditions in the wash-boxes. Thus 
tramp iron, consisting of nails, bolts, washers, pick-heads and the 
like, accumulate to a surprising extent in the nut-coal wash-box, 
having, of course, made its entry with the raw coal. Such material 
may lodge under the refuse gate whilst it is open and prevent its 
complete closure. Should this not be noticed by the was^heryman, 
the bed will soon be lost and the washing will be imperfect. Lodg- 
ment of pyrites under the refuse gate may also cause/ trouble. The 
tramp iron may cause further trouble by damaging the fixed sieve 
and allowing escape of the bed. If a sieve is badly damaged the* 
washer must be shut down until the sieve is repaired. Further 
trouble may be experienced by the perforation of the screens used 
for the preliminary classification of the -raw coal, in which event 
larger sized coal particles may pass to the fine-fioal washer, where 
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the current velocities may be insufficient to float them, so that 
they would pass away with the refuse. 

The introduction of dust-screens to remove all coal below about 
tjV in. is a good feature of Humboldt practice. The finest sizes 6 i 
coal, below about ^ in., do not obey the normal laws of fall in 
water, and separation of coal from dirt in such sizes is almost 
impossible by means of jigs. If a fine-coal washer is adjusted to 
float coal up to f in. size, small dirt particles may be kept in sus- 
pension, and fine coal particles may be carried down into the bed 
during the suction stroke of the plunger. 

The size of coal which may be conveniently screened out will 
vary according to the type of coal washed. The larger the size 
of screen used the easier i:^the screening operation, but the greater 
is the proportion of coal not washed. It*is desirable, therefore, to 
remove only the smallest dust. When, however, the coal fed to the 
washery arrives in a lAoist condition, dry screening of small sizes 
becomes impracticable owing to the blocking up of the screen 
openings, and the dust screens must be by-passed. If it is possible 
to use them and to remove the finest dust, the efficiency of drainage 
of the washed coal is greatly increased. Where a washery is erected 
in conjunction with a coke oven plant, the low'er moisture content 
of the coal used greatly increases the throughput of the ovens, 
besides decreasing the slurry evils. 

Sorne results of washing in a Humboldt washer have already 
been given. Further results were recorded by J. W. Lee (Gas 
World, 1917 (Coking Sect., Dec.) 14) for a washer which was fifteen 
years old. Ihe raw coal was screened into sizes, J to \ in., \ to \ in., 

J to I mm., before washing, the du.st less than 1 mm. being removed 
from the .smallest .size of coal by .Shaking screens. The dirt removed 
from the two smaller sizes, -J to | in. and ] in. to i mm., was rewashed. 
The results are given in Table 60. 
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THE BAUM JIG WASHER 

In 1892 Baum introduced his well-known jig washer, in which 
the water pulsations were obtained by admitting compressed air 
above the water in one section of the box. Apart from this 
novel means of obtaining the jigging motion, the methods of dealing 
■ with the coal in this f^rst Baum washer were similar to those 
employed in other jig coal-washers of the period, that is, the raw 
coal was- sized before washing i®to a nuriiber of fractions, each 
of which was treated in a separate wash-box. For each box the 
length and number of the strokes made, the size of sieve mesh, and 
the quantity of water admitted, were separately regulated. For 
example, at Zeche Carl CoUiery, Kolner Bergwerks-Verein, Alte- 
ne.s.sen, in 1898, coal up to 80 mm. (3J in.) was divided into four nut 
fractions and one fine coal fraction ; each of the nut sizes of coal was 
treated in a separate wash-box, and five bo.xes were required for 
the fine coal, making nine boxes in all. At Zeche Horstfeld Colliery, 
the length of stroke of the valve jnston was 70 mm. [ 2 \ in.), and the 
number of strokes made per minute was 42 to 60 for the two larger- 
sized fractions of nuts, and 75 to 109 for the two smaller-sized nut 
fractions ; the sheet steel sieve had perforations of 6 to 16 mm. to 
§ in.) diameter. • 

In July 1901, Baum built a new wa.shcr at the Emsclier pit of 
the Kolner Bergwerks-Verein, in which an attempt was made to 
wash coal without the j)rcliminary division into a number of fractions 
for separate washing. Double wash-boxes were built, each con- 
sisting of t*vo compartments, on either side of a central compressed 
air compartment, as shown in Fig. 37 ; Fig. 36 is the longitudinal 
section of the same wash-box. Each compartment was 4 metres 
(13 ft. 1 1 in ) long, and i-2 metres (3 ft iij in.) wide, so that the 
total length of the box was 8 metres (26 ft. 3 in.), and the total 
available sieve area of each box was 17-28 sq. m. {186 sq. ft.). In 
each compartment erf the wash-box there was a refuse-removal valve 
consisting of an arrangement of double gates controlled by levers, 
a device similar to that used in the earlier type of Baum washer. In 
the first compartment of each washing .section, the refuse-removal 
valve was fitted at the end of the box where the rjiw coal was^ 
admitted, and was underneath the feed shoot. In the second 
compartment, the refuse-removal ralve was fitted at the end of the 
box from which the washed coal was reipQved, and was placed u®der 
the washed-coal overflow weir. The position oJ the two gates of 
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each valve above the level of the fixed sieve was such that the refuse 
could pass underneath the first gate and overflow over the second 
one. The refuse after passing the double valves settled to the 



bottom of the wash-box, being protected from the water pulsations 
in the main portion of the wash-box by suitable baffle plates. By 
setting the first refuse-removal valve at the feed end of the box, the 
heaviest dirt, whidi settled on the sieve as soon as it entered the 
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wash-box, was removed before it had traversed much of the length 
of the box. Consequently most of the sieve area was available for 
the settling of the lighter dirt. The finest sizes of dirt, through 
S mm. (^jf in.), passed through the perforations of the sieve and 
settled to the bottom of the wash-box, where they were conveyed by 
Archimedean screws to bucket elevators set at each end. In the 
first compartment of the wash-box a plate, a, Fig. 36, was fixed 
vertically to spread the coal over tRe whole width of the box, and 




Figs. 3cS and 39. — Longitudinal and Cross Section of Later Haum 
Wash-box for Unsized Coal. 

so aid the settling of the heavier dirt on the first portion of the sieve. 
Adjustable plates, if Figs. 36 and 37, aided the control o^ the water 
pulsations in the wash-box. 

In this new type of wash-box the direction of travel of the coal 
was parallel to the division plate between the air and the sieve com- 
partments, and not at right-angles to it. It will be. rememberecj 
that Liihrig had used this direction of travel through his fine-coal 
feldspar washer, a method afterwlrds adopted in Coppee and other 
feldspar washers. It was, however, ordywapplied to coal of siza less 
than I in, for capacities of 4 tons per hour. Baunl used this direction 
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of travel for coal up to, say, 2 in. size for quantities of 50 tons per 
hour. By this important alteration, the horizontal length- of travel 
of the coal through each washing division 8 metres (26 ft. 3 in.) 
instead of being about i metre (3 ft. 3I in ), as was the case in thfe 
earlier type of washer. Thus the total sieve area employed in this 
double wash-box was about the same as the total area employed in 
the earlier type of washer of the same hourly capacity, hut in the 
earlier type it was divided between, say, eight wash-boxes, each of 
which required separate control, instead of, as in the new type, being 
confined to one large box. 

Practical experience with the new washer showed that the coal 
treated was sufficiently cleaned after traversing the first compart- 
ment, and, in the next washer built, the length of the box was 
reduced to 6 metres (19 ft. in.) This »cwer wash-box was still 
built with a washing division on each side of the central air com- 
partment, and the breJKith of th« sieve was the same as Was pre- 
viously employed. A third refuse-removal valve was, however, 
placed in the middle of the length of the wash-box. The total sieve 
area available was 12*96 sq. m. (139*5 fC). The heavy dirt was 
removed at the first refuse-removal port, the intergrown coal and 
shale at the middle port, and the light shale at the third port. 

This new wash-box could treat the whole of the coal in one 
washing division 6 metres long by 1*2 metres broad (19 ft. 8^ in. by 
3 ft. ii{ in.), with an available sieve area of 6*48 sq. m. (69*7 sq. ft.). 
The building of double wash-boxes was therefore discontinued and 
the design illustrated in Figs. 38 and 39 was adopted. Apart from the 
use of a single washing division and the reduction in the length of 
the box, the design empbyed was similar to that of the earlier types. 
The partition plates, b, were, however, not of uniform depth in the 
whole length of a box, but were stepped,'" the smallest plate being 
employed at the end of the box where the coal was admitted. By 
this means the watc?r pulsations could be modified in the length of 
the wash-box, being .strongest where the heavy dirt was deposited. 

In some cases the use of a single wash-box did not give adequate 
cleaning of the smallest sizes of coal, and at Rhein Elbe III Colliery 
the fine coal was re-washed. At Zeclie Concordia Schact IV a 
rewash-box was used for the crushed middlings and fine coal. The 
second wash-box was of similar design to the first, with the exception 
that no refuse-removal valve was fitted af the front end of the box. 

Thus Baum, besides being able to wash coad before classifying, 
had been successful simultaneously in reducing the area of sieve 
nece.ssary for efficient washing to about one-third of that which was 
used in the best washing practice of his day. In proving that it was 
qot essential lo subdivide the raw coal into a large number of frac- 
tions before washing it, he reduced the capital cost of the washery 
and greatly simplified its control! His improvements in washery 
design also enabled washers, of larger capacity to be built, for 
although other watery designers had fed unsized coal to a wash- 
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box (as for example, in some of the older forms of " bash '' washer), 
such washing processes were either inefficient or were only capable of 
dealing with small quantities of coal. 

By the beginning of the twentieth century almost all washery 
designers had accepted the principles laid down by Rittinger and 
introduced by him into ore-dressing practice, and by Liihrig into 
coal-washing practice. The principle chiefly involved was the 
specification of sizing limits for the separation of two types of 
material. The successful cleaning of unsized coal by Baum appeared 
to be in direct contravention of this principle. It was not, how- 
ever, realised that (as pointed out in Chapter III), during jigging 
there is a period during which separation takes place according 
to density differences only, and independently of size. Because of 
the existence of this period it was found that, even though all coals 
of run-of-mine size could not be successfully washed in one box when 
large qilantities (over 50 tons per hour) were treated, it was, in 
general, possible to wash all the coal from, say, 3I in. to f in. size, 
with a sizing ratio of 9-3 to i, in one box when the total quantity of 
coal was as great as 100 tons per hour. The coal of size le.ss than 
in. was frequently insufficiently cleaned by a single treatment in 
the one box and the employment of a second box for re-washing 
the product below I in. became necessary, but the coal from 3^ in. 
to I in. could always be satisfactorily cleaned in the one operation. 
The size ratio, assuming that cleaning could only be accomplished 
down to |-in. size, was double the theoretical maximum ratio of 
Rittinger, and was about six times the ratio used in Liihrig and 
similar types of jig washer. 

The first experimental washer was built in 1901, and it was found 
to be so efficient in operation that, by 1905, over thirty-four Baum 
washers of the new type had been commissioned in Germany. 
The rights to build Baum washers in the British Empire were 
acquired by the firm of Simon-Carves, the British coke-oven con- 
struction company, who have modified and improved the design in 
the light\)f experience gained with its use since 1903. The capacity 
of the washeries has been gradually increased, as is shown in Table 59, 
in which the number and capacity of Baum washers built by Simon- 
Carves, in Great Britain, are recorded. Six-year periods arc chosen, 
as they show the effect of the war years on washery construction. 

Simon-Carves have also built in other countries sixteen Baum 
plants with a total hourly capacity of 1,205 tons. 

Since 1922 a number of other washery construction firms have 
built Baum-type washers in Great Britain. These firms are Sher- 
wood Hunter, Ltd., Penzance ; the Coppee Company (Great Britain), 
Ltd., London ; Horace Greaves & Co., Ltd., Derby 4 and Nortops 
(Tividale), Ltd., Tipton, 'fhese firms have built 26 plants of 2,785 
tons per hour total capacity. 

The designs of the Baum wash-bo« built by all washery con- 
structors in Great Britain and Germany are the s^ime in principle, and 



differ only in detail. Tlje Baum type of washer has proved to be the 
most popular of all washers in Great Britain, and is now preferred 
to all other types of jig washer. Most of the new washery con- 
structors building Baum washers follow the standard Baum practice 
of washing before sizing, but the Coppec Company build Baum 
washers to wash either before or after sizing, in the latter method 
following their previous practice in Coppee nut, bean and pea washers. 
Hg. 40 is a stereoscopic photograph of a Coppee Baum wa.shery, of 
150 tons per hour capacity, in which the coal is sized before washing 
into nuts, i-J- to J in. ; peas, f to f in. ; and smalls, through f in. 
The smalls fraction is washed in the right-hand box, and the nuts 
and peas arc washed in the two compartments of the left-hand box. 

The washery with the largest hourly capacity in Great Britain 
has recently been built at the JIarinc colliery of the Ebbw Vale 
Steel, Irop and Coal Co., Ltd. It was erected by Messrs. Horace 
Greaves and Co., Ltd., of Derby, and though rated at a capacity of 
300 tons per hour, has achieved a throughput of 360 tons per hour. 
It comprises two separate units each of the Baum type, and each 
with a separate rewashing-box for the smaller sizes. , 

• For the description of the working of a Baum washer, it will 
be sufficient to consider the Simon-Carves type of wash-box and 
washery, and, subsequently, to describe the modifications introduced 
by other constructors. 

In Fig. 41 a view is given of a modern Baum washery of 160 tons 
per hour capacity, built by Me.ssrs. Simon-Ca^ves. Fig. 42 is a 
plan of a sihiilar Baum washery, the section being taken at the level 
of the top of the wa.sh-boxes. Fig. 43 shows a longitudinal section 
through the same washery in front of the wash-boxes. Fig. 44 is a 
cross-section, ^bowing the screening plant and hoppers. 

* The raw coal is unloaded from wagons into an underground 
hopper, from which it passes by .shoots on to one or other of two 
revolying feed tables. These feed it at a uniform rate into the boot 
of an elevator, 3, which carries the coal to the top of the washery 






Pjg — External View of Simon-Carvcs Baum W ashery. 
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building. Here the coal passes by a shoot directly into the first 
wash-box, 4, Figs. 42 and 43, in which the larger-sized dirt, as welt 
as a portion of the smaller dirt, is removed. Some of the dirt settles 
through the bed in the ‘first compartment of the wash-box and 
passes through the screen to the bottom of the box, where a screw 
conveyor carries it along to the dirt elevator, 5. The heavier dirt 
which does not pass through the sieve, also passes continuously into 



Fig. 42. — rian of Jiaum Washury (Simon-C'arvcs). 


the refuse elevator, 5, througli a refuse gate at the feed end of the 
box. The dirt is removed in a similar manner from the second 
compartment of the wash-box by means of a screw conveyor and a 
dirt elevator, 6. The washed coal leaving the first wash-box is freed 
from almost all the large dirt, but still retains the smaller dirt 
particles. 

The whole of tlie washed product from this wash-box is there-* 
fore taken by means of a launder (shown by dotted lines in Fig. 42) 
from the outlet of the lirst wash-box, 4, to the revolving trommel '' 
screen, g (Fig. 42). This consists >of a series of conceiftric 
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cylindrical sieves of different mesh, by means of which the coal may 
be divided into suitable sizes, for example, nuts,'/ beans," 
peas," and " fines." The " nuts " and " beans " are washed over 
drainage screens into bunkers, which are provided with spiral shoots 
to obviate the breakage of the coal as it is loaded into the hoppers 
(ii. Fig. 44). The " peas " are also passed over a drainage screen 
into a bunker, which, however, is not provided with a .spiral shoot. 

The fine coal, which is that through g-in. mesh, is usually only 
imperfectly cleaned in a washer dealing with 160 tons per hour, and 
is re-washed. By running the washed coal from the first wash-box 
to the " trommel " screen there is a loss of head, and in order to 



recover this, and to have the two wash-boxes on the saihe level, use 
is made of an elevator. The fine coal flows in a stream of water to 
the line-coal sump, 13, from which it is raised by the elevator, 14, 
to the fine-coal re-wash box, 15. The small dirt is removed from 
this box by a screw conveyor and elevator, 16. The three dirt 
elevators, 5, 6, and 16, drain the refuse and discharge it into a 
scraper conveyor, 7, which feeds the dirt bunfter, 8. 

The fine washed coal overflows from the wash-box, 15, to drainage 
screens, 17, and shaking screens, t8, from which it drops on to a 
conveyor which distributes the coal into bunkers, 24 (Fig. 44). The 
• water drained from the fine coal on the drainage sieves passes into 
the fine-coal sump, 13. The water in circulation from both wash- 
boxes is therefore collected in*this sump and overflows into the 
pump basin, 19. From her« it is taken by the main washery pump, 
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20, and discharged into the conical settling tank, 21, through the 
pipe, which can be seen in the centre of the settling tank. The 
air compressor and pressure-compensating reservoir, 25, supply the 
ajr through pipe lines to the wash-boxes. 

The elevated conical settling tank is shown in vertical section in 
Fig. 45. The water containing the slurry pumped from the sump, 
19 (Fig. 43)^, passes through the pipe, C, to the centre of the tank. A, 
into which it overflows from an inverted cone-shaped mouthpiece. 
This is surrounded by a steel curtain, D, which is designed to prevent 



Fig. /|4. — Cross Section of Baum Washcry (Simon-Carves). 


the mixing of the slurry with the clear water at the top of the settling 
tank outside the curtain. The slurry settles to the bottom of the 
tank and is removed by gravity through the outlet, E, and the cock, 
F, to the pipe, G, which returns it to the washery building in a 
concentrated form. *The pipe carrying the concentrated -slurry to 
the washery may be seen at the right-hand side of Fig. 42. In order 
to govern the consistency of the slurry, some water is admitted 
through the pipe, K,. The slurry is added to the fine coal as it 
passes over the shaking screens before being distributed to the* 
bunkers. ^ 

Referring again to Fig. 45, an overflow pipe, H, and a fresh- 
water supply pipe, J, are also illustrated.* The tank is set at su 2 h a 
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height that clear water may readily flow by gravity through the 
pipe, B, to the wash-boxes. Sufficient head is also available to 
carry the slurry to the drainage sieves. 

A sectional elevation of a Simon-Carves*Baum wash-box is givep 
in Fig. 46 ; Fig. 47 is a cross-section of the same box, and Fig. 48 is 
a view of a wash-box from above, in which the air valves and the 
air mains may readily be distinguished. In Fig. 46 the coal enters 
the box at F. The fixed sieve,. K, of the first compartment, slopes 
downwards towards the refuse port, G. The latter may be covered 
partly or wholly by a refuse gate, connected to spindles and a crank 
arm, worked by a handwheel (Fig. 47). A plate is fitted vertically 
at the entrance to the wash-box so that the feed coal is uniformly 



• 

distributed and is forced under the surface of the water to wet it 
thoroughly. The formation of aggregates of line coal particles, 
which could float through tlic wash-box, is thereby avoided. R 
Fig. 46, is the fixed sieve of the second compartment, of which 0 is 
the refuse port. Between the two compartments, E and M. there is 
a weir to maintain the bed on the sieves whilsl^allowing the lighter 
coal to overflow from the first compartment, E, to the second, M. 
At the end of the compartment, M, is a second weir over which the 
washed coal overflows at N. 

^ The bullj of the dirt, and more especially the larger dirt, is 
deposited in compartment E, and the inclination of the sieve, K, 
enables it to be removed rapidly.* I'he rate of removal of the dirt is 
controlled by adjustment o,f t,he refuse gate over the port, Cr, through 
which the dirt passes, through the channel, H, to the boot of the 
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elevator, J. Any dirt which settles through the bed and is small 
enough to, pass through the perforations of the screen, settles to the 
bottom of the box, whence it is carried by the screw conveyor, L, 
t« the elevator, J. The* refuse is removed from the second com- 
partment of the wash-box in a similar manner, by means of the 
refuse port, O, the channel, P, the screw conveyor, S, and the dirt 
elevator, Q, Fresh water enters the wash-box at four points, T, 
Figs 46 and 47. The countershaft and air valves of the wash-box 
are also clearly shown in Figs. 46 and. 47. 

From Fig. 47 it may be seen that each 
wash-box is divided into two portions, 
namely, the air chamber and the washing 
chamber. Between these two chambers 
•tht^re is a division platg, extending down 
below the level of the screen. This extended 
division plate prevents the disturbance of« 
the upward water currents in the washing 
compartments by the eddies and downward 
currents in the compartment under the air 
chamber. 

Fig. 49 is a vSectional view of an air valve. 

The air valve consists essentially of a cylinder 
with inlet and outlet ports, and a cylindrical 
slide valve which moves vertically in the 
cylinder and isconnected bya spmdle to a cam 
shaft. The inlet port is connected with an 
annular cavity in the air cylinder, which per- 
mits the air to enter from the whole perimeter 
of the cylinder. The exit ports are openings 
spaced at equaldistancesaroundtheperimeter 
of the lower endof the air cylinder. When the 
slide valve is near the end of the downstroke, 
the exit ports are closed and the compressed 
air from the blower passes through openings 
between the sleeve of the valve and the 
spindle and enters the air chamber of the ^vai\4'^’T^erTyp^^ 
wash-box. The level of the water in the air 

chamber is depressed with a consequent raising of the level of the 
water in the washing chamber. On the completion of the down 
stroke, the rotation •f the camshaft causes the slide valve to rise ; 
the inlet port is then closed and the exit ports are uncovered. 
The air pressure is released and the level of the water rises in the 
air compartment. This movement is repeated periodically so that 
a series of upward water currents are produced in the wash chamber. 

Fig. 50 illustrates a more recent type of air valve in which three 
belts of exit ports are used. * 

The harmful effects of a downward evurvent through the bed* of 
the material to be washed have already been described. The means 
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adopted in the Baum washer for minimising the current of water 
flowing downwards through the bed are twofold. Firstly, the release 
of the air pressure occupies a longer time than that necessary for its 
production, and the velocity of the do>Vnward currents is pro- 
portionally less than the velocity of the upward currents. Secondly, 
the differentiation between the speeds of the upward and downward 
water currents so obtained is accentuated by the additi5)n of water 
to the air chambers of the wash-boxes at the points, T, Figs 46 
and 47. 

Tlie water supplied at T reaches the wash-box under a constant 
head of pressure from the elevated tank, through a cock, which, after 
once being set with the correct opening, remains open throughout 
the washing process. During the downstroke of the slide valve in 
the air cylinder, the presshre of the air, together with the prcsstire* 
of the supply water, combine in forcing water from the air com- 
partment into the wasliing compartment and in producing an up- 
ward current through the bed of material to be cleaned. During the 
upstroke of the slide valve the air pressure is released and the 
difference in pressure between the two compartments is due solely 
to their water levels. I'o ecjualisc the levels water flows downwards 
through the be(k Because of the supply of water under a head of 
pressure at the base of the air compartment, however, the equalisa- 
tion of pressure is retarded by water flowing into the air compart- 
ment from the ckn^atecl tank. By this arrangement, therefore, the 
water supply acts with the air pressure in producing an upward 
current, and limits the production of a downward current when the 
air pressure is released, so avoiding the harmful effects of “ suction.'* 

A single Baum wash-box is capable of washing up to about 
50 tons per hour of unsized coaWrom, sa5^ 2} in. downward, and the 
smaller sizes of the washed coal (through, say, a |-in. mesh screen) 
will be suitable for coke manufacture. For example, the following 
results were obtained in washing a typical South Yorkshire coal 
during the year 1924 25. The coal reaching the washer contained 
all sizes from 2| in. downward. The portion of it below 4 in., which 
comprised 65 per cent, of the total, contained 18 -or per cent, of ash ; 
after washing, the portion of the washed coal below | in. contained 
7*15 per cent, of ash. During the process of washing, the loss of coal 
sustained was : — 

Coal in washery dirt — 

\a) Large dirt . . . -2-^9 per cent. 

{b) Small dirt . . . • 3‘98 ,, 

Loss of coal (expressed as a per- 
centage of the total coal fed) . 072 ,, 

In this case, therefore, 50 tons of unsized coal were washed per 
hour in a single box, and the ash content of the o to f-in. coal was 
redticed by three -fifths with a total loss of coal of well under i per 
cent. • 



THE BAUM JIG WASHER 


165 


When, however, a capacity of 75 tons per hour of run-of-mine 
coal is required it is desirable to have two wash-boxes if the fine coal 
is to be used for coke manufacture. When washing run-of-mine 
C03l in washers of small capacity, the coarser material keeps the bed 
in a condition sufficiently “ open to allow good separation of the 
coal from the shale. If only coal less than, say, f-in. size is treated, 
the bed tends to set compactly and the washing results may not be 
so good despite the addition of a rewash box Thus the practice of 
washing unsized run-of-mine coal Inis the advantage of keeping 
the bed from setting compactly, and better washing results can 
frequently be obtained than by washing the same coal in a jig washer 
for which the coal is classified into several sizes before washing. In 
one Simon-Carves Baum washery known to the authors, only one 
wash-box is required for ja capacity of 13b tons per hour, but this is 
exceptional, and in this instance it is only the quality of the coal 
that makes it possible. • • 

The dimensions of the boxes required for a washery of 75 tons 
per hour capacity, washing a normal run-of-mine coal for coking 
purposes, are : First wash-box, length 15 ft. (4-6 metres), width 8 ft. 
(2*45 metres) ; rewash box, length 13 ft. (4.0 metres), width 8 ft. 
(2-45 metres), giving a total washing area of 224 sq. ft. (20-8 sq. m.), 
which is equivalent to 3 sq. ft. per ton of coal washed per hour. 

For a washery of 150 tons per hour capacity the average dimen- 
sions of the wash-boxes are : First wash-box, length 16 ft. 6 in. 
(5*05 metres), width ii ft. 6 in. (3-05 metres) ; rewash box, length 
16 ft. (4*85 metres), width ii ft. 6 in. (3*5 metres), that is a total 
wa.shing area of 374 sq. ft. (347 sq. m.), equivalent to 2-5 sq. ft. per 
ton of coal washed per hour. The dimensions are altered to suit the 
quality of the coal dealt with. It ^ill be observed, by comparison 
of these tigures with those for the earliest types of Baum- jig used 
for unsized coal, that the length of the wash-boxes has been reduced 
somewhat but that the width has been doubled for a 75 tons per 
liour unit, and trebled for a 150 tons per hour unit This is the main 
factor whieh has allowed the increase in capacity from 50 to about 
150 tons per hour. It is generally accepted that this is the limit 
of capacity for one unit. 

The size of mesh used in the fixed sieves and the number of strokes 
of the air-valve cylinder made per minute are also varied to suit the 
quality of coal employed. In a normal plant the size of the mesh 
used in the first wiish-box is ^ in., and in the rewash-bpx, in. 
The use of these sizes of openings in the sieves allov/s the removal of 
the smaller sizes of dirt from the bed and enables it to be kept in a 
fairly open '' condition. The average number of pulsations made 
per minute is 55, the number of pulsations being the fsame in eacU 
wash-box. The depth of water displacement can be varied by 
throttling the air valve. The air-pressures used vary from t| to 
2j lb. per sq. in. By closing the air vaJve, the water pulsations* can 
be stopped in the event of a sudden cessation of •the coal supply. 



i66 


THE CLEANING OF COAL 


There are two features of the Sherwood Hunter type of Baum 
washery requiring special description. The first is the arrange- 
ment for slurry recovery and water clarification, and the second, an 
automatic control of the fine-dirt discharge. When the valve at the 
base of the conical settling tank is opened, the pressure of the super- 
natant water forces much of the deposit out of the tank. The water, 
however, may not depress the level of the solid deposit- uniformly, 
but force a channel through the centre. When this happens the 
discharge from the valve consists mainly of water, carrying with it 
a relatively small number of solid particles washed from the sides 
of the channel. The device fitted by Messrs. Sherwood Hunter 
prevents the formation of this channel and causes a considerably 
higher proportion of solids to be discharged with the water from 
the settling tank. In consequence the deposit can be removed with 
less disturbance and loss of the water from the tank. 

The fine refuse which collects* at the bottom of the wash-box is 
removed by a screw conveyor, as in the Simon-Carves wash-box. 
Occasionally the screw conveyor may clog and fail to function 
correctly. Unless the washery foreman notices the absence of fine 
dirt from the buckets of the refuse elevator, the fact that the con- 
veyor is not working properly will escape notice, with the result 
that the efficiency of washing suffers until the week-end, when the 
wash-box must be emptied and cleaned out. In the Sherwood 
Hunter washer the dirt elevator and the fine dirt screw-conveyor 
are operated by the same drive so that the dirt conveyor is directly 
driven. 

The direct drive is illustrated in Fig. 51, in which sectional 
elevations of the primary and the rewash boxes are given. It was 
found by careful testing that fhe screw conveyor absorbed more 
power than the dirt elevators, and, therefore, a direct drive for the 
screw conveyor and a belt drive for the elevators was considered to 
be more rational. With this arrangement the screw conveyor will 
only cease to function if it breaks, and slip of the drive on the 
elevators is easily noticed. • 

It will be observed that Sherwood Hunter increases the length 
of the primary wash-box and uses three air valves in the second 
compartment instead of two. The washed coal is then screened and 
the size through ^ in. only is rewashed, in a second box, which is 
fitted with a wedge-wire screen. 

. « 

In the Coppee Baum-type washer, illustrated in sectional eleva- 
tion and cross-section in F‘ig. 52, the raw coal enters through A and 
passes through the two compartments, B and E, the washed coal 
•overflowing Ut J. The coarse dirt passes under the slide, M, through 
the conduits, C and F, to the boots of the elevators, D and G. The 
smaller dirt passes through the screen plates and is removed by the 
scre'iv conveyors, H and {,tto the elevators, D and G. The air 
pulsations are obtdined in the compartment, K, by a rotary valve, L, 
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by means of which the quantity of air admitted and the rate of 
admission- and release can be adjusted. The air-release cocks, N, 
are used to govern the eyacuation of the refuse in conjunction with 
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the adjustment of the gate valve, M. The rewash box is similar 
in general design to the primary wash-box except that the ratio of 
the widths of the sieve and the air compartments is made i6 to 7 
instead of 12 to ii as in the primary wash-box. 

Nortons (Tividale) in their latest plants use a different form of 



refuse-discharge gate, actuated automatically by ^a float immersed 
in the washing bed. * • 

With the small amount of middlings usually found in British 
coals it is not customary to collect a separate middlings fraction! If 
it is desired to do so, however, all the large hea^fy dirt is extracted 
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in the first compartment of the primary wash-box, and the middlings 
are recovered as the reject in the second compartment and collected 
in the second elevator. Fine dirt particles which are deposited in 
the second compartment, and pass through the screen, are collected 
by the lower dirt worm and pass to the first (dirt) elevator. If 
middlings are recovered they are crushed and returned to the 
primary box for rewashing. If it were desired to make a separate 
middlings fraction the uncrush<?d middlings might be rewashed in a 
separate box. 

1 he control of a Baum washer is based upon the thickness of the 
bed, and its “ feel (as described for the Humboldt washer, p. 150) 
and, in case of variation from the conditions for which the wash- 
boxes have been set, the main water-valve may be adjusted. The 
air pressure is also controlled by a single j/alve. The provision of 
dirt elevators at the ends of the wash-boxes enables the washery 
man to inspect the refuse almost immediately after its rejection, and 
to make any necessary adjustments of the dirt slides or of the water 
and air valves. At each end of the wash -box, the casting over the 
refuse-removal port blinds part of the screen, and to prevent 
an air lock which would interfere with the discharge of the dirt, air- 
release pipes are carried upwards from the casting, and are provided 
with cocks, as shown in Figs. 46 and 47. Should the feed stop 
altogether, the air-release valve is opened and the main water valve 
closed. On restarting, the air-release valve is closed and the water 
valve opened. 

A standard feature of an older type of Baum washery was a 
drainage band conveyor for dewatering the fine coal. It consisted 
of a series of boxes made of perforated plate, the boxes being hinged 
one to another by links at the middle of the base plates. The 
drainage • band was driven by rectangular drum heads, and was 
suitably supported on rollers. A more complete description is given 
in Chapter XXV, and it is sufficient to say at this stage that the 
drainage band was not entirely satisfactory. In 1914 it was replaced 
by a simpler and more efficient arrangement of double shaking 
screens, which occupied much less ground space and absorbed less 
power. The drainage band built in Baum washeries prior to 1914 
is being replaced in numerous cases by the dewatering shaking screens 
with much more satisfactory results. 

Ihe total bulk of water in a Simon-Carves Baum washer of 75 
tons per hpuv capacity is 120,000 gallons, and whole of this is 
circulated in one hour. In a plant of 150 tons per hour capacity, 
the total bulk of water is 230,000 gallons, of which 200,000 gallons 
is circulated per hour. In a 75 tons per hour plant the power 
jequirementai are 150 h.p., and in the 150 tons per hour plant, 
300 h.p., or 2 h.p. per ton hour. 

Some results of washing in Bium washers of different si/.es are 
recorded in Table 62A, and, Table C213, the results of rewashing 
coal less than J in.* and less than | in. size arc given. 
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Table 62A. — Results of Washing in Baum Washers - 


Skcof 





Per cent, of Dirt 111 
Washed Coal. 


Per 

cent. Ash in 


Percent, of Coal in 

S.G. 

S.G. 

Washed Coal. 


Washer. 


Refuse. 








Remarks 

(tons 


Elevators 

Chosen 




Chosen. 




boun. 

No. j 

t. No. 2. No. 3. 


Large 

Small 



Large Sniail 








Nuts. 

Nuts. Fines. 


Nuts. Nuts. 

Junes 


40 

I'b 

i-o 



1-40 













f, 3 

4 month average. 

50 

30 

4-0 

— 

— 

— 

— 

— • 

— 

— 

-- 

7-1 

I year average. 

lUO 

21 

0-8 

2-1 

1-35 

0-5 

2 3 

40 

1 60 

GO 

7*1 

7*7 

b day averagt*. 






— . — 

, - 

— 

• 





100 

27 

2*3 

2 9 

1-45 


f >-4 


3-45 

— 

— 

— 

I month average. 

100 

1-5 

2-9 

5-2 

1-40 

— 

■ — 

7 4 

1-40 

— 

— 

f)-3 

I month average. 

100 

2-8 

0 2 

I-O 

1-48 

— 

— 

47 

1 48 

— 


8-6 

Single test. 

120 


0 48 


1-49 

1-5 

17 

5 0 

1-49 

3*1 

3 3 

S-6 

I month average 

130 


2-9 


1-40 

“ 


6-4 

140 



b 0 

3 month average. 


Table 6^5. — Rewashing Coal through I in. and through -J in. 


. 

Raw ( oal. 


Washed Coal. 


Size. 

Weight 
per cent 

■ 

Dirt 

per cent. 

Alter first box 

After .second box 


Weight 
per cent. 

Pirt 

per cent . 

Weight 
])cr cent. 

Dirt 

per cent. 

>1 in. 

0-5 

— 

0-4 

— 

0-4 

— 

i-l in. 

51-3 

9-4 

47-2 

4-0 

44-4 

2*1 

{ ■20 me.sli . 

31-4 

9-2 

25-5 

8-1 

38-0 

37 

<20 mesh . 

i6-8 

N.D.* 

26-9 

N.D.* 

17-2 

N.D.* 

Total . j 

loo-o 

— 

laoo 

— 

100*0 

— 

>J-m. . 1 

1-0 

lo-o 

24-2 

3-4 

28*1 

2*0 

-J-20 mesh . I 

55 -^ 

11-7 

53-b ' 

4-1 1 

62*9 

2*2 

<20 mesh . 1 

• 

43-9 

7-9 

22-2 j 

i 6-3 

9*0 

37 

'I'otid 

lOO-O 

lO-O 

100*0 1 

6-b 

100*0 

2-3 

Ash per cent. 1 

1 

i 

— 

10-9 

i 

_J. 

7-8 

1 

4-9 


* N.l). — Not dcterniined. 


The raw coal itscff wa.s fairly clean in the finer sizes, but the results 
show a substantial removal of the finer dirt. Sinnatt and Mitton 
(Trans. Inst. Min. Eng., 1923-24, 67, 497) record^ an example in 
which a coal less than ^ in. size, with 80 per cent, through ^ in., and 
36*3 per cent, through i mm., was washed at the ratt; of 20 ton? 
per hour in one Baum box, and tJic washed coal contained on an 
average 5-3 per cent, of ash. 




CHAPTER IX 


MISCELLANEOUS JIG WASHEKS 

The types of jig washer that have been described in the 
preceding chapters include the Bcrard, the Sievers, the Marsaut, 
the Hartz, the Liihrig (and similar types, the Coppce, the Schiichter- 



Fig. 53. — The Coppee Nut, Bean aiul Pea Washer. 


mann and Kremer, the Barop, and the Sheppard), the Humboldt, 
and the Baupi. Each of them is of considerable historical interest, 
since each marks a definite stage in the development of the modern 
jig washer. • 

4 number of other typos pf jig washer are worthy of description 
because of the large numbers in which they have been built, although 
. • >70 
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they may be similar in principle to those described. Such are the 
Coppee, the Groppel, the Howatt, the Elmore, and the Meguin. 

• The Gopp^e Washer. — As already described, the Coppee 
washer was developed as a modification of the Liihrig jig. Coppee 
usually divided the raw coal into fewer fractions than did Liihrig, 
for example, into fractions over | in. (nuts), J to | in. (beans), 
f to I in. (peas), and through in. (fines). The Coppee washer for 
the larger sizes became known as the nut, bean and pea washer, 
the fines washer being a feldspar wash-box. The earlier form of 
nut-coal jig was similar to the Liihrig nut-coal jig already illustrated ; 
a later form is illustrated in Fig. 53 in longitudinal section.* The 
coal passed across the sieve, the washed coal overflowing into a 
shoot and the large dirt Jbeing removed below a refu.se gate. The 



Fig. 54. — The (hoppel Nut-Coal Washer. 


large dirt was separated from the water in the lower portion of the 
wash-box by a baffle plate until it was caught by a screw conveyor 
working in»tlie bottom of the box. The finer dirt settled through 
the sieve to the screw conveyor and the total refuse was removed 
to an elevator. Water was admitted to the box below the plunger 
to modify the effect of the suction stroke. 

The Coppee feldspar washer, like the Liihrig feldspar washer, 
was a two-compartment “ flow ''jig. The later form of this washer 
was similar in ma»y respects to the nut-coal jig except for the 
direction of travel of the raw coal through the jig, and the absence 
of dirt valves above the sieve. The dirt settled through the coarse 
feldspar particles, and through the sieve, to the bottom of the box, 
where it was run off through a valve in each compartnjent. Water 
was admitted above the plunger. 

* It may be noted that the Coppee was not a “how” but a “ cross " jig, and 
the longitudinal section of the “ cross ” jig thefefbre corresponds to a cross-section 
of a “ how ” jig. • 
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The Groppel Washer. — The Groppel '' flow ” jig which, in 
1905, replaced the Liihrig “ cross ” jig in (iermany, is, similar in 
many respects to the Humboldt jig already described. In Fig. 54, 
sections of a modern Groppel nut-coal jig kre shown. The plungers 
are actuated by eccentrics. Each wash-box is made up of two 
compartments, the lower portions of which are pyramidal to collect 
the dirt which passes through the fixed sieve plate, and. underneath 
the refuse-removal valves, to the boot of an elevator. This method 
avoids the use of a screw conveyor. In the fine-coal jig the design 
is similar, except that the ratio of the areas of the sieve and the 
plunger is increased, and the inclination of the fixed sieve is reduced. 

Some of the details of Groppel wash-boxes are recorded in 
Table 63. 


Table 63. — ^Details of Gkoppel Wash-boxes 


Nut coal. 

Fnic coal. 

Kc-wash. 

Maximum dimensions of sieves 

18' 1" X *>' T l" 

1 

21'S'' X 7' 3" 

4' ii" X to' 10 

Katioof sieve and plunger areas . 
Dimensions of square sieve open- 

1-3 11 

1 «-i '5 

1-5 

ings (mm.) .... 

6 13 

4- 12 

2-8 

N umber of strokes j ler min . 

1 50 80 

70 -100 

70-go 

Length of stroke (in.) 

Washing capacity per sq. ft, of 


i-^I 

£-2.1 

sieve area (tons per hour) 

0-86-1 -51 

0-32-0-65 

0-21-0-54 


Fi&- 55 is a view of a modern Groppel washery built in 1922 at 
Zeche Sachsen, Hamm, Westphalia. The total capacity of the 
washery is 400 tons per hour, and includes two units each of 200 tons- 
per-hour. capacity. The coal treated is through 80 mm. (3^ in.), 
of which 60 per cent, is less than 10 mm. (| in.) size. The raw 
coal is graded before washing into two fractions, namely, o to 10 mm. 
and 10 to 80 mm. The nut coal (of 10 to 80 mm. size) is treated in 
a nut-coal jig and three products are produced, namely, .clean nuts, 
middlings and large dirt (refuse). The fines (o to 10 mm.) is sub- 
jected to an air blast to remove the material below 0-5 mm. (..^\, in ), 
and then passes through the fine-coal jigs, where three products are 
also recovered. The middlings from the nut-coal wash-box are 
crushed and rewashed in a separate unit. The middlings produced 
in the fine-coal jigs are not rewashed, but are mi^ed with the washed, 
crushed middlings from the re wash-box for boiler-firing purposes. 

The architecture of this washery is worthy of note, although — 
in English eyes — it is somewhat massive for its purpose. 

• • 

The Howatt Combined Jig. — ^The Howatt jig is the modern 
form of the Liihrig washer built •by Mes.srs. Coal and Ore Dressing 
Appliances, Ltd., in Great. Britain. In the newer form, the design 
of the individual wash-boxes is essentially the same as in the older 
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Liihrig washer, but the fine-coal feldspar wash-boxes and the nut- 
coal wash-boxes are arranged in separate rows with their plunger 
compartments adjacent and separated only by a small distance. 
Iivthis space a dirt elevator operates, and is common to both rows 



Fig. .5G. — The Howatt Combined Jig. 


of wash-boxes, as shown in Fig. 56. It will be observed that the 
outside outer sloping sides of the two rows of wash-boxes are extended 
until they meet to form a trough. Each wash-box communicates 
with this trough through openings on tjie inner sloping side o| the 
box, the amount of opening being governed by a valve actuated 
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by a hand-wheel at the top of the box. The refuse from the fine-coal 
boxes passes through the feldspar and through the sieve over its 
whole area. It then settles to the refuse-discharge opening, and 
passes through this to the lower collecting trough. The dirt from 
the nut-coal jigs is discharged through a special cylindrical valve 
which Liihrig first introduced. A cylinder extends through the 
total depth of the bed and almost touches the sieve. The dirt 
which settles on the sieve is for^^ed up this cylinder by the pulsations. 
In two wash-boxes the dirt cylinders are placed at adjacent sides, 
between which a gap is left ‘so that the refuse may overflow and 
settle to the refuse-collecting trough. One such valve is illustrated 
on the right-hand of Fig. 56. A scraper elevator working in the 
refuse-collecting trough removes the refuse from the washer and 
discharges it into a hoppt«*. One elevator is therefore siiificient to 
remove the refuse from a combined jig of eight wash-boxes. 



The Meguin Washer. — In a Meguin washer of 150 tons per 
hour capacity, which was recently erected at Anna I. Colliery, 
Kohlscheid, Aix-la-Chapelle, the raw coal is divided into two 
fractions, namely, 0 to 12 mm. in.), and 12 to 80 mm. (| to 3^ in.). 
The larger size passes to a nut-coal wash-box, in which a 
plunger works below the sieve, and three products are produced, 
namely, clean coal, middlings and refuse. The fine coal, of o to ^ in. 
size, is passed through a dust extractor, where the dust up to 
approximately i mm. in.) is removed before delivery to the 
fine-coal wash-box, where three products are also recovered. The 
coarse middlings are crushed, mixed with the middlings from the 
fine-coal wash-box, and rewashed in a separate unit. 

• The ElmSre Jig. — Over 250 Elmore jigs have been erected in 
the United States of America, but ^11 are of low capacity. The washer 
is a double-compartment jig of the plunger type, the plunger being 
operated by eccentrics. THe*^ieve in the fine-coal washer is inclined 
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downwards at a slight angle, but in the nut -coal washer it is divided 
into two sections, the back, or feed, half being horizontal and the 
front, or discharge, half being inclined slightly to facilitate the 
reipoval of the refuse. The washed coal is discharged over a weir 
on to a drainage screen, the refuse being removed by a scoop- wheel 
through a gate, the amount of opening of which is controlled by an 
adjustable plate (Fig. 57). 

To obtaiii a current of uniform speed over the whole area of the 
sieve, oak beams of triangular section are placed underneath the 
back half of the sieve. On the dowTistroke of the plunger, on 
account of the shape of the hutch (which is triangular in vertical 
section), there is a tendency for the bulk of the water displaced to 
pass through the sieve near to the feed end. The oak beams impede 
the flow of water over the back half of the sieve and ensure a more 
uniform distribution than Vould otherwise be obtained. 

The means adopted to prevent an appreciable downward current 
of water through the bed during the upstroke of*the plunger consists of 
rubber flap-valves attached to the top edge of the plunger. During 
the downstroke the valves remain closed ; on the upstroke the 
rubber flap-valves yield and prevent the tendency to form a vacuum 
under the plunger. By this means the displacement in the plunger 
chamber is made up largely by water passing downwards past the 
sides of the plunger instead of by an appreciable current of water 
through the bed. 

The operation of the star-wheel, which withdraws the refuse 
from the sieve, is controlled by an automatic device. This consists 
of a floating piston enclosed within a float chamber. The float 
chamber is placed so that its base is 3 or 4 in. above the sieve (the 
thickness of the bed of refuse is abput 4 in.), which brings it just 
below the top layer of refuse. On the downstroke of the plunger, 
the piston receives an impact from the refuse forced upwards against 
it, and the upward movement thereby imparted to the piston is 
transniitted through a connecting rod to a simple lever arrangement. 
The lever t^jerefore acquires a reciprocating movement, during the 
jigging action, which it imparts, at the end opposite the connecting 
rod, to a pawl. The pawl engages in the teeth of a ratchet wheel 
which is attached to the rotating refuse-discharge valve (or star- 
wheel). At each upward movement of the bed of material on the 
sieve, the pawl is actuated and rotates the ratchet. During the 
upstroke of the plunder of the jig, the pawl slides over a tooth of 
the ratchet and engages with the next tooth, to rotate the ratchet 
again on the subsequent downstroke of the plunger. By this 
means the rate of discharge of the refuse is controlled automatically 
and the proper thickness of the bed is preserved. It is claimed that 
the device is simple and effective, and that it deals satisfactorily’ 
with a sudden increase in the amount of shale reaching the jig. 
If the amount of shale in the coal decreases, so that the thickness 
of the bed of refuse diminishes, the pawl is automatically lifted clear 
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of the ratchet until the proper thickness is restored. The whole 
arrangement would appear, however, to be rather more complicated 
than its purpose merits. 

The length of the stroke required for. the best operation of Jhe 
Elmore jig varies from about | in. for fine coal (half of which passes 
a J-in. screen) to 2^ in. for nuts up to 2 in. size. 

AMERICAN MpVABLE-SIEVE JIGS 

Jigs with movable sieves, are still used to a considerable extent 
in America, although their use in England has been confined to 
small plants only (the Greaves and the Hoyle). The Baum jig 
washer, which has proved so popular in Germany and in England, 
has not been erected in America. The types most popular — in 
addition to the Elmore jig — include three movable sieve jigs, 
namely, the Stewart, the Pittsburgh, and the American. 

• • • 

The Stewalrt Jig. — The Stewart was the first important jig with 
a movable sieve erected in America, and it acquires additional 
interest in that it was used extensively for the washing of unsized 
coal. The sieve on which the coal is wash(;d forms the floor of a 
basket suspended by steel rods from a double eccentric mechanism. 
The raw coal is admitted at one end of the basket and the washed 
coal flows over a weir at the opposite end. The refuse is discharged 
through a gate, which is opened once during each reciprocating 
movement of the sieve. The width of the aperture at the gate 
during each movement of the sieve is controlled by the operation 
of a lever. 

The differentiation between the speeds of the upward and 
downward currents of water thr&ugh the bed of material to be washed 
is provided by a system of valves in the water-supply pipes, which 
prevent suction during the upward movement of the sieve. The 
valves remain closed whilst the basket moves downwards, thus forcing 
a current of water through the bed. During the upward movement, 
the valves are opened automatically by the tendenc}^ to form a 
vacuum under the sieve, and the inflowing water prevents a strong 
current of water passing downwards through the bed, the bulk of it 
coming from the fresh water supply. 

The Stewart jig is made in single compartments, each of which 
has a capacity of 20 to 40 tons per hour of unsized coal. The 
cleaning effected may be illustrated by the follBwing results relating 
to the cleaning of coal at the Sayreton Mines of the Republic Iron 
and Steel Company, and taken from Fulton ('* Coke,’' Scranton, 
1905, 120) 

t , specific Gravity ^ 


Raw coal 


< 1-37 
• 82'6 

I -37-1 -56 
11-4 

>f 56 

60 

Washed coal 

i 

87-9 

I 0'3 

1-8 

Refuse 

• » 

3-8 

i8-2 

78-9 
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The coal was run-of-mine, though the maximum size is not 
specified. The cleaning effected cannot be described as particularly 
efficient, for the ash content of the coke made from the washed 
coal was 14-1 per cent., whereas from the unwashed coal the ash 
content of the coke was 18-85 per cent. Further results are 
recorded by Garman, Trans. Can. Inst. Min. Met., 1922, 25, 446, as 
follows : — 



Total 

Floats.* 

Sinks.* 


Sample. 

Ash 

— -- 



-- 

— 


per cent. 

Weight. 

Ash. 

1 - 

Weight. 

Ash. 

Raw coal 

• 

22-8 

56-0 

9-4 

44-0 

43-4 

Washed coal 

14-3 

7T7 

10-2 

22-3 

22-7 

Refuse 

67-0 

2-5 

i6*o 

97-5 

68-2 


* S-(j. not given. 


The Pittsburgh Jig. — The Pittsburgh jig is similar to the 
Stewart jig, but the basket composing the jigging sieve contains a 
false bottom provided with flap valves, to prevent a current of 
water passing downwards through the bed whilst the sieve is moved 
upwards. 

A further modification is the substitution for the eccentric 
driving mechanism of a slotted lever and crank fitted with a hardened 
steel roller and brass bushes. Durfiig two-thirds of the revolution 
of the diiving gears, the plunger is drawn upwards and the down- 
stroke occupies only one-third of the revolution. By this means 
the duration of the upstroke is made double that of the downstroke. 
This provision, together with the flap valves below the sieve, 
prevents af\ excessive downward current. 

At a washery in Southern Illinois, U.S.A., the coal is crushed 
ajid screened prior to washing into three sizes, over i in., i to J in., 
J in. to o. Each size is then washed separately in Pittsburgh jigs 
prior to use for coking. As fed to the jigs the distribution of the 
coal is : — 

Over I in. . . . . . *30 per cent. 

I to i in 45 M 

J in. to o 25 „ 

• I 

The coal of all three sizes is minced after washing. 

The average results obtained during the year 1923 were as 
follows : — * 
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Ash 

per cent. 

Sulphur 
per cent. 

Moisture 
per cent. 

Feed coal 

11*4 

275 

60 

Washed coal . 

7*4 

1-9 

13-6 

Refuse 

384 

8-4 



The efficiency of the retnoval of dirt from the coal may be 
judged by the results of float-and-sink tests, using a liquid of S.G. 
I ' 35 , as follows : — 


• 

j Weight , 

. Ash j 

Sulphur 


per cent. 

per cent. j 

per cent. 

Sinkings in washed coal 

4-8 

! 

27-2 I 

4-2 

Floatings in refuse 

33-5 

7-9 

2-0 


These results show that a third of the material discharged as 
refuse consists of good quality coal containing only 0*5 per cent, 
more ash and o-i per cent, more sulphur than the washed coal. 
At the same time nearly 5 per cent, of the washed coal consists of 
material containing 27 per cent, of ash and 4-2 per cent, of sulphur. 
And this is in washing sized coal. It is safe to say that many 
questions would be asked if similar results were shown by a modern 
Baum washer in England which, moreover, would have to deal with 
unsized coal. * 

Incidentally, these results offer a good example of the utility 
of float-and-sink tests. The reduction of the ash content by one- 
third to 7 4 per cent and of the sulphur content by nearly 
one-third to 1-9 per cent, might be passed, were it not for the state 
of affairs revealed by float-and-sink tests. 

JIGS WITH PLUNGERS BELOW, THE SIEVE 

One type of jig, like the Meguin washer previously described, 
has the plunger situated below the sieve. The simplest form 
of this appliance is that described by Rittingcr and called by him 
the '' Setzpumpe.” Though it was never used to any extent for 
washing coal or concentrating ores, its simplicity is appealing. It 
is shown diagrammatically in Fig. 58. 

• • 

Rittinger^s Setzpumpe. — As /he plunger, P, rises, the valves, V, 
in the plunger remain closed. The valves, S, in the false bottom 
open and allow a current bf water to pass upwards through the 
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material on the sieve. The water falls around the rim of the sieve 
into the outer chamber carrying the lightest and finest material 
over with it. The upward current results in a stratification of the 
material on the sieve, which is rendered more complete during the 
downstroke of the plunger. During the downstroke, the valves, V, 
in the plunger open and allow the plunger to fall without disturbing 
the water above it. During this period the particles which were 
lifted from the floor of the sieve during the upstroke fall in relatively 
still water and tend to stratify according to density differences. 



Fig. 58. — Rittinger’s Selzpumpe. 

It is ^\ith the object of producing or intensifying the effect of this 
phase of the movement of the particles that all jigs with plungers 
below the sieve and valves in the plunger head have been designed. 

The Rittingcr Setzpiimpc was not successful in practical use 
on account of the troubles experienced in the valves and* because 
it was intermittent in action. It was efficient, but was more 
troublesome than other equally efficient machines. 

The Richards Jig. — Richards has also designed a jig to operate ' 
without any suction stroke. A constant head of water is admitted 
to the hutch of the jig below the sieve through a pulsator valye, 
so that the upward current of water tBrough th^ sieve is applied 
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intermittently. Stratification occurs during the' upstroke and is 
augmented as the particles subside in relatively still water whilst 
the pulsator valve is closed. The chief claim for this jig is that it 
economises space and water. 

The Montgomery Jig. — ^The Montgomery jig, which has been 
used for coal washing in the United States, is fitted with a plunger 
working in a vertical sleeve .under the jigging sieve, the plunger 
being operated by connecting rods passing through sleeves at the 
comers of the sieve and actuated by a lever and crank mechanism. 
In the surface of the plunger, flap valves are situated which open on 
the downstroke, but remain closed and cause an upward current 
through the bed of material on the sieve during the upstroke. Jigs 
of this type economise space, and, as a rule, require rather less power 
than jigs with a separate plunger compartment. 


It will be noticed that many jigs used in America employ systems 
of automatic valves, which are situated either in the face or at the 
edges of the plunger, in the water-supply pipes, or over the water 
inlet below the jigging screen. Valves in the plunger are not always 
certain of action, and trouble is frequently experienced with them. 
All valves contained in the tank or hutch of the jig require frequent 
attention owing to corrosion, and, occasionally, clogging, due to 
the trapping of small hard particles of shale or pyrites. Rubber 
valves, as used in the Elmore and New’ Century jigs, are liable to 
deterioration and increase the friction. 

Other Jigs. — In addition to those described, there are a number 
of othqr jig washers, the American, the Bilharz, the Baure, the 
Collom, the Conkling, the Diescher, the Evard, the Faust, the 
Flanchon, the Forey, the Forrester, the Gervais, the Girard, the 
Hancock, the Hodge, the Kasselowsky, the Lacratelle, the Marsais, 
the Mcynier, the Neuerburg, the New Century, the R?xt-Madoux, 
the Revolicr, the Rexroth, tlic Riviere, the Robert, the Schranz, 
the Shannon, the Skoda, the Stein, the Stutz, the Woodbury 
and many others. Few of the.se arc of interest ; many of them 
are no longer in general use, and the use of some of them, for 
example, the Bilharz, the Collom, tho Conkling, and the Schranz, 
has been confined to ore-dressing practice., All the others are 
known, at some time or other, to have been used for washing coal. 
In addition to these there are a number of jigs which have been used 
exclusively for washing anthracite, among which the Christ, the 
^ James, the^Lehigh Valley, the Reading and Wilmot-Simplex are the 
best known. There are, or have been, several others, designed for 
special or local requirements, but which have never come into general 
us?. 



CHAPTER X 


UPWARD-CURRENT WASftERS : GENERAL 

In describing the general theory of coal-cleaning in jigs and 
upward-current washers, (Chapter III) it was shown that a particle 
sinks in an upward current of water if the speed of the current is 
less than the terminal velocity of fall of the particle in still water, 
and rises if the current speed is greater than the terminal velocity 
of fall. Since the velocity with which a particle ultimately falls in 
still watec is a function both of its «izc and specific gravity, there is 
a compensation between the size and density of particles of coal 
and of dirt, as a result of which large coal particles and smaller dirt 
particles of greater density than coal tend to move together. For 
efficient separation of the two types of material by an upward 
current of water, a preliminary grading according to size is therefore 
necessary. 

An upward-current washer avoids the harmful effects of the 
downward current in a jig, and to that extent has an advantage over 
it. But it has the disadvantage that the upward current is con- 
tinuously applied and is maintained at a constant speed. Conse- 
quently the advantages of pulsation in the jig are absent and, 
above all, the brief interval of time never arises, during which, 
because of the change of direction oi the water current in a jig, the 
water and the particles are relatively still and the conditions arise 
for the separation of coal from dirt according to density differences 
and independently of size. 

In competition with modern jig washers, the necessary pre- 
liminary sizing is the principal drawback of upward-current washers. 
This requirement tends to make the operation of the process more 
complicated and cumbersome, or, if previous sizing is not practised, 
less efficient. Consequently, for general purposes, a jig is usually 
preferred unless there is some specific advantage to be gained by the 
use of an upward-current washer. 

One such advantage is the possibility of cleaning very.fine coal 
more efficiently than is possible with a jig washer. With a coal rich 
in particles of an intermediate nature, consisting partly of coal and 
partly of shale, it is often necessary to crush the coal before it can 
be satisfactorily cleaned, and in these circumstances a laege amount * 
of fines may be produced. Draper, for example {Proc., S. Wales 
Inst, of Eng., 1919, 35, i), records*figures for an Indian coal which 
required to be crushed to pass a J-in. screen before it could be cleaned 
by any process. For this coal, the ability of the Draper washer to 
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deal with particles of very small sizes gave it an advantage over jig 
washers which are less able to treat very fine coal. 

Upward-current classifiers have been, used extensively in ore- 
dressing practice, but, in ore-dressing, the classification effected' is 
regarded only as a preliminary stage in the concentration of the ore, 
to be followed by a finishing treatment. In coal-washing practice, 
on the other hand, upward-current classifiers are employed to yield 
the final washed product. This difference is not due to any difference 
in principle but to a difference in mechanical convenience, which 
centres, largely, in the greater throughput required of coal-washing 
equipment, and the fact that in ore-dressing practice, the value of 
the material treated justifies the use of a series of different appliances, 
each for a particular purpose. In coal washing, one plant is usually 
called upon to deal with the whole product, separate plants for 
separate sizes of material frequently involving too high a cost. In 
these circumstances, kn upward-current washer, which is not ex- 
pected to achieve the theoretical maximum efficiency, but only to 

remove the heaviest shale and 
clean the coal roughly without 
any preliminary treatment, 
can be installed and operated 
at a very low cost. 

The earliest form in which 
the principle of classification 
by means of an upward current 
of water was employed was 
that of spitzkasten and spitz- 
lutte. These appliances have 
been used for more than half 
a century for the treatment of metalliferous ores, chiefly for sizes 
which present difficulties in screening. They provide means of 
dividing minerals into classes of “ equal-falling particles which 
can then be submitted to suitable final dressing operations. 
Although, in ore-dressing practice, the size treated by' spitzkasten 
and spitzlutte is that passing through .^5 in. (i mm.), and excep- 
tionally that below j\r in. (1-5 mm.), spftzkasten were used in coal- 
cleaning practice for the classification of coal particles below | in. 
prior to treatment in Liihrig feldspar jig washers. 

Spitzkasten.— The simplest form of spitzkasten is an inverted 
pyramid with an opening at its base. The principle upon which it 
acts may be seen by reference to Fig. 59. The material to be 
classified enters in a stream of water at a. The stream of water 
- entering tht box spreads out as shown in the diagram, and all the 
particles in the stream that are ^capable of falling through the belt 
of moving water at its maximum depth (d c) during the time taken 
to flow from a to 6, descend to the bottom of the box and are dis- 
charged through the valve at the apex, 0. 



Fig. 59. — Diagram of Spitzkasten. 
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Spitzkasten were thus based entirely on free settling. As 
first used, • the water within the boxes was stationary, and the 
particles therefore fell under conditions similar to those which 
Rhtinger took as the basis of his theory. Within limits, the sizes 
and specific gravities of the particles settling in successive boxes 
were in accordance with theoretical calculations, but the setting up 




of eddy currents interfered with accurate classification. The eddy 
currents caused a contamination of the classified products by fine 
particles of heavier material, which, theoretically, ^ould have 
remained in suspension. Nevertheless, on account of their cheap- 
ness and simplicity, spitzkasten liiwc been extensively employed. 

To overcome eddy currents, an upwai^l water current was sqpie- 
times admitted, either through a vertical pipe extending from above 
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to the bottom of the box, or through a pipe inserted into the bottom 
of the box. Spitzkasten are usually arranged, as shown, in Fig. 60, 
in the form of a continuously widening trough. 


Spitzlutte. — A spitzlutte consists essentially of a V-shaped 
channel, the water with mineral in suspension passing down one 


r\ P 



Fig. 61. — Diagram of Spitzlutte. 


limb {a, Fig. 61) and up the other 
limb (6). As usually constructed, it 
consists of two boxes, one in the shape 
of an inverted triangular prism within 
which a similar but smaller box is fixed. 
The position of the inner box is vari- 
able, so that the space between the 
two can bc^ adjusted. In practice a 
series of connected V-channcls are 
employed, the discharge at .6 passing 
into a second box. By using a second 
and third box with different widths 


of channel, the speeds of the currents in the later boxes differ from 
the speed in the first box, and so a fairly complete classification of 
the pulp supplied is effected. 

In the limb, b, the particles move in an upward current of water. 
Particles whose ultimate velocity of fall in still water exceeds the 
speed of the upward current fall to the bottom of the box, whence 



Fig. 62. — Cast Iron Spitzlutte. 

they may be discharged. The classification effected by the spitz- 
lutte is usually more completely in accordance with the ratio of 
equal-falling '' particles than is that effected by the spitzkasten, 
on account of the greater effective depth of water and a relative 
‘absence of eddy currents. An additional advantage is the possi- 
bility of adjustment, in that the width of the channels may be varied 
to suit particular circumstances. A form of spitzlutte is shown in 
Fig, 62 in sectional elevatiorf. 
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“ Hydraulic water (as it is called) is admitted from the water 
main to th^ apex of the box through a valve or tap, and assists the 
classification. The amount of hydraulic water admitted is adjusted 
toH:ontrol the speed of the upward current of water in the upcast limb. 


Conical Classifiers. — Humber of devices have been used in 
ore-dressing,practice similar to spitzlutte, but composed of two con- 
centric inverted cones. The inner cone tapered more steeply than 
the outer cone, and as the 


current of water passed up- 
wards between the two, the 
narrowing channel between 
them prevented the speed 
of the current from falling 
as the cross-sectional area 
of each . cone increased. 
The tendency for choking 
was therefore overcome, 
and owing to the relatively 
great depth of water, ade- 
quate opportunity was pro- 
vided for the larger and 
heavier particles to be 
separated from the smaller 
and lighter. The usual 
method of feeding the 
particles was in a stream of 
water, admitted into the 



inner cone, whence the mix- 
ture passed from holes in 
the apex of the cone into 
the upward current of water 
admitted at the apex of the 
outer conew The particles 
passing upwards with the 
water current were collected 
in a launder around the rim 
of the cone. 



Fig. 63. — The Frongoch Classifier. 

The Frongoch Classi- 
fier. — Classifiers of this type have been used extensively for ore- 
dressing in America and on the Continent. A primitive form of 
conical separator was used about forty years ago at 'the Frongoch 
mine in Cardiganshire, South Wales, for the treatment of blende 
and galena. It is shown in Fig. 63. The crushed *ore was fed® 
through the shoot, H, into the «heet-iron funnel, G, which was 
surrounded by a wooden cone, A. Water, supplied through E 
into the wooden box, D, caused an dpward current, between the 
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cone and funnel, which carried upwards the small particles, but 
was insufficient to support the coarse, heavy particles. The coarse, 
heavy material fell into D, whence it was discharged continuously 
through the valve, F, consisting of a sliding iron plate. The width 
of the opening between the box, D, and the cone, A, was controlled 
by the plug, B, and the screw, C. Adjustment of the plug 
affected the speed of the upward current, and, therefore, the 
quality of the overflow. At the same time it controlled the discharge 
of coarse material into the box, D. At Frongoch, the coarse dis- 



I'lG. r>4. — The Mackworth Coal Washer. 


charge was further treated in jigs, and the overflow was passed to 
buddies for concentration. 

The Mackworth Coal Washer. — The ijfst upward-current 
appliance* to be used for the washing of coal was the Mackworth 
washer invented in Great Britain in 1855. Groves and Thorp 
(" Chemical Technology,” Vol. I., London, 1881) state that it was 
used in Scotland, Cumberland, Derbyshire, Gloucestershire and Wales. 
‘ The machine is illustrated in Fig. 64. The raw coal was fed 
into a revolving hopper, from which it fell by gravity into a conical 
vesspl in which a current of water, supplied by the agitator at the 
lower end of the pone, asceflded at a speed of about 4 to 5 ft. per 
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minute. The lighter coal, rising in the current, was swept by means 
of a curved rotating arm into a perforated shoot for delivery into 
the wagons. The dirt fell against the water current, through the 
vilves, into a refuse-collecting chamber, from which it was removed 
by a dredger. 

The valve through which the refuse fell consisted of an inverted 
metal cup partially closing the opening at the bottom of the cone. 
The amount of opening was regulated* by raising or lowering the cup 
by means of a lever. The water draining from the washed products 
was returned to the agitator pump. 


The Dor Coal Washer. — Another upward-current washer 
used for the washing of coal was the 
Dor washer installed at Anapsin (Henry, 

“ Preparation mecanique des minerals 
de plomb,'* etc. ; Ann, des Mines, 

1871, 19, 294). The machine was used 
for washing small coal, but on account 
of its small capacity (0-4 ton per hour) 
and indifferent results it was con- 
sidered to be unsuitable. It is illus- 
trated in Fig. 65. 

Better results were obtained at the 
Esperance Mine in Belgium, where the 
appliance was used for the treatment 
of sludge. The feed was placed on the 
sieve, a, and sprayed with water from 
a sprinkler, 6. The material passing 
through the sieve fell through a funfiel 
into the cylindrical chamber, c, where 
it was met by an upward current of 
water supplied through the valve, d. 

The coal was discharged at the upper 
periphery *0! the cylinder, the dirt 
falling through the conical bottom into the trap and valve, e, whence 
it was discharged. It is claimed that the ash content of the fine 
coal was reduced from 42*5 per cent, to between 12 and 15 per cent. 
The Dor washer did not, however, meet with much success, because 
of its low capacity, heavy water consumption, and, in sludge treat- 
ment, the high los^of coal. 



Fig. 65. — The Dor Coal Washer. 


The Stewart -Waldie Washer. — Although the Stewart-Waldie 
washer appears to have been erected at only one colliery in Great 
Britain, it introduced a novel idea, and was an improvement 
upon earlier types of upward-current coal-washer. It seems to 
have been efficient and to have h 5 d a high capacity (Waldie, Trans. 
Min. Inst. Scot., 1887-88, 146). , . . 

The raw coal was fed through the iron guide, J, into a cylindrical 
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tank, A (Fig. 66), the floor of which was made of a perforated plate, 
with an aperture in the centre. The aperture was shielded by an 
iron hood, K, and the rotating arms, I. Through brass nozzles, H, 
fixed in holes in the perforated plate, a mixture of compressed air 
and water was pumped, and the upward current so produced raised 
the coal to the surface of the tank, whence it was removed through 
the overflow, M, to a revolving screen. The refuse was .able to sink 
against the current, and fell downwards through the water, round 



the hood, K, into the refuse chamber, B. The base of the refuse 
chamber was closed by a ball valve, C, which W£^ guided by a sliding 
spindle, U, working in a space bored in the perpendicular shaft, L. 
The ball valve was opened and closed from outside by a lever. 

The mixture of air and water was delivered from a double-acting 
pump, partially open to the air, into the compression chamber, F. 
fl'he proportions of air and water giving the best results were about 
I to I. The pump engine also rotated the shaft, L, and the rotating 
arms, I, attached thereto, at 20 r.p.m. The pump made forty 
strokes per minute^and supplied the air-water mixture at 35 to 40 lb. 
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per sq. in. pressure, using 36 tons of water per hour, or if tons per 
ton of raw coal, the capacity of the washer being 20 tons per hour. 
It should fee noted that the pump action, and therefore the pro- 
duction of an upward current, was intermittent, there being forty 
pulsations per minute. The pressure in the chamber, F, was recorded 
on the gauge, G, and was controlled by the safety valve, P, 

The washed coal overflowed at M. The overflow was shielded 
by a plate, ’N, to prevent the discharge of pieces of shale carried 
round by the rotation of the stirring arms, I. 

The results of washing were as folldws : — 

Ash per cent. 

Raw Coal ii 


Washed Coal : 


Smalls * 

• 4i 

Peas . 

• 4 

Second Nuts • . 

• • • 3 

Third Nuts . 

2i 


Generally the coal was sized before washing, but frequently 
unsized coal, through ^ in. (gum) was washed. 

The function of the air in the upward current was somewhat 
obscure. In the discussion on Waldie's paper it was stated that, if 
the air was omitted and water alone was used, the washing was 
spasmodic and unsatisfactory. When there was too much air, the 
surface of the water was violently agitated and, again, the washing 
was unsatisfactory. It was also pointed out that the use of the air 
reduced the effective specific gravity of the mixture providing the 
upward current, and it was correctly suggested that, on theoretical 
grounds, this would be a disadvantage. It was concluded that the 
effect of the air could not be otherwise than the provision of agitation 
in addition to that supplied by the revolving stirrers, and that this 
agitation must have been in some way beneficial. 

A more probable explanation takes into account the intermittent 
working of, the pump. It is possible that the compression chamber, 
F, acted as a reservoir, so that the upward current was not eliminated 
between pulsations, but merely slowed-up. In these circumstances 
the machine can be looked upon as similar in some respects to a jig, 
a strong upward current being followed by a slower upward current, 
instead of, as in a jig, a strong upward current being followed by a 
slow downward cuijent. It may be possible by such an arrange- 
ment to effect a separation of two particles such that th^y cannot 
be separated in any one upward current of uniform velocity, but 
could be separated in a jig. 

The fact that it was found in practice with the Stewart-Waldie 
washer that, to remove the supply of air (and so use an upward 
current of water only), resulted ii^ unsatisfactory washing, does not 
rule out the possibility, for there is no evidence to show thal^ the 
speeds of the various working parts vTere adjusted to suit the new 
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conditions. Moreover, in the absence of the air, the reservoir would 
not fulfil the same function. The water was admitted eccentrically 
and the speed of the upward water current would not be uniform 
over the area of the sieve ; when compressed air was also admitted, 
it would help to distribute the water current more evenly. 

If the pulsatory effect were the real reason for the apparent 
efficiency of the Stewart-Waldie washer, it would appear that 
beneficial results might be obtained in other upward curtent washers 
by some method of producing periodicity in the current more satis- 
factory than that used in the Stewart-Waldie. The principle of the 
joint admission of air and water has, however, been abandoned. 



Fig. 67.- The Robinson Washer. 

not only in Great Britain, but in America, where it has also been 
applied experimentally. 

The Robinson Coal Washer. — The Robinson washer met with 
considerably more success than the earlier forms of upward-current 
washer. Its convenience for the washing of coal is evidenced by 
the fact that Robinson washers are still being Erected. It was first 
introduced about 1885 at some of the collieries of Messrs. Bolckow 
Vaughan, of which firm Robert Robinson was the mining engineer. 

The washer is illustrated in Fig. 67. The left half of the diagram 
ihows ail cleVation of the washer, the right half a section through it. 
The appliance consists of the inserted frustum of a cone, A, con- 
structed of cast iron or steel I in. thick. One of the earliest washers* 
whiefh had a capacity of 20 tons per hour, was 8 ft. in diameter at 
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the upper end, i ft. 10 in. in diameter at the lower end, and 6 ft. 6 in. 
deep.* A rnodern plant, to deal with 30 to 40 tons per hour, employs 
a cone 10 to 12 ft. in diameter at its upper end, i ft. 10 in. at the 
loY^er end, and 8 to 10 ft. deep. The lower end of the cone is sur- 
rounded by an annular chamber, B, perforated on the inside with 
several rows of J-in. holes, so that water can be forced up through 
the cone in a large number of jets. Water is fed to the annular 
chamber under pressure, and the water overflowing at the top of 
the cone is collected and pumped back to the supply tank. 

A vertical driving shaft in the axi? of the cone carries four oak 
cross-beams, D. From each of these wooden arms, wrought iron 
bars, E, project downwards into the body of the cone so that they 
almost touch its sides. At the bottom of the driving shaft, four 
shorter bent arms are carried. In operation, the shaft is rotated by 
a crown wheel and pinion drive at a speed of 10 to 14 r.p.m., causing 
the water to acquire a circular motion in addition to its upward 
movement. The mass of particles in suspension in the water during 
the washing process is therefore agitated. The coal is fed into the 
cone from a shoot, or directly from an elevator, into the centre of 
the cone and inside an iron baffle ring, F. The baffle ring is attached 
to the cross beams, D, and its lower end is immersed about 15 in. 
below the level of the water in the cone. To reach the discharge 
point the coal must pass under the iron ring, and in so doing, each 
particle comes properly under the influence of the current of water 
in the cone, and small particles or agglomerations of particles are 
prevented from floating along the surface and being discharged. 
In some plants a second baffle ring, projecting about 12 in. below 
the water surface, is attached near the ends of the cross beams. 

The raw coal is separated by the upward current into washed 
coal and refuse. The washed coal overflows at the discharge point, 
a lip cut in the rim of the cone, and the refuse sinks through the 
water into the refuse chamber. The refuse is discharged by sliding 
plate valves, H, H, operated by the levers, J, J. The upper plate is 
opened to ^allow refuse to collect in the chamber. It is closed 
periodically and the lower plate removed to allow the refuse to fall 
into wagons or a dirt-removal elevator. This form of refuse-dis- 
charge valve is not altogether satisfactory, and in one South York- 
shire washery, with two cones, it is proposed to substitute a star 
valve for the continuous removal of the refuse from each cone into 
a screw conveyor. 

In the older plants, the water supplied to produce the upward 
current in the washing pan was stored in a tank 30 ft. above the 
level of the water in the washer, and was supplied undQr a constant 
head of pressure. The water overflowing with the washed coal was 
collected by passing the washed product over a drainage screen, the* 
water passing through the screen ayd into a reservoir, from which it 
was returned to the overhead storage tank by a pulsometer pump. 

* Report of Coal-Cleaning Committee, Trans. Slin. Inst. Scot., 1889-90, ii, 145. 
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Fig. 68. — Arrangement of Rdbinson Washery. Front elevation and plan, 
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1^'iG. 68. — Arrangement of Robinson Washery. Side elevation. 


The inconvenience of providing 30 ft. of headroom has led- to the 
use of a circulating pump to supply the water under pressure to the 
base of the washer. 

In all modern RobinvSon washeries a water clarifier is fitted, in 
which the particles suspended in the washing water are removed. 
This is desirable, not merely for the sake of efficient washing but 
also because of the wear and tear of the valves and pumps. The 
amount of circulating water in a Robinson washer is high, and 
unclarified water materially increases the cost of upkeep of working 
parts. It is arranged that dirt particles with a minimum number 
of coal particles are deposited in the clarifier, and coal parti<jles with 
relatively little dirt are deposited in the water storage tank. The 
clarifier is therefore made to act as a slurry refiner. 

In British practice the clarifier (known as the Hargreaves 
clarifier) consists of a reservoir similar in shape to the washing cone. 
Indeed, in some cases an old 20-ton per hour washing cone is used 
as the clarifier for a 40-ton per hour^vashery. The clarifier is shown 
on the left-hand side of the front elevatioji in Fig. 68, which illus- 
trates the lay-out of a typical one cone (25 to 40 tons per hour), 
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Robinson washing plant. Circulating water from the storage tank 
is pumped into a main leading to the washer and to the clarifier. 
The bulk of the water passes into the annular chamber at the base 
of the washer, but some of it is by-passed and enters the base of the 
clarifier. It slowly ascends in the clarifier, allowing many of the 
fine particles in suspension in it to settle to the bottom. The 
clarified water overflows slowly into a trough around t}ie rim and is 
returned thence to the storage tank. 

The water reaching the plarifier has already been through the 
washer and has been collected in the tank from the drainage screen. 

The particles in suspension in the 
water when it reaches the clarifier 
are those dirt particles which were 
too smgill to fall against the 
upward current of water in the 
.washer, together with a jiumber of 
fine coal particles. Because of the 
slower upward movement of the 
water in the clarifier the bulk of 
the dirt particles are able to fall 
out of suspension. The size of the 
particles entering the clarifier is, 
however, limited by the size of the 
holes in the drainage screen, and, 
whereas the dirt particles can settle 
out in the clarifier because of their 
Y high specific gravity, the coal parti- 

cles, because of their lower .specific 
gravity, are still floated by the slow 
upward current and are returned to 
the storage tank. Further settling 
of the fine coal particles takes place 
in the storage tank, where the water 
i«iG. 6y.- -The Ramsey Sludge js relatively quiescen^. The fine 

dirt settling at the bottom of the 
clarifying pan is removed by a vertical chain dirt elevator extending 
to the bottom of the cone along its axis. The dirt is delivered by 
a shoot to the wagons or to a dirt elevator at the base of the 
wastiing pan, and is removed, either with the large refuse from the 
washer, or separately. © 

A number of Robinson washers are in operation in America. 
The standard Robinson design has been modified in several particu- 
lars by another Englishman, Erskine Ramsey, who has fitted a more 
complicate form of clarifier, the Ramsey sludge tank, Fig. 69. 
The water containing suspended coal and dirt particles falls into a 
cone-shaped vessel near to the* upper and wider end of which a 
horizontal plate, a, is su^ended. The water is deflected round the 
edges of the plate and is removed by a vertical pipe, b, the upper 






UPWARD-CURRENT WASHERS 195 • 

end of which is situated a few inches below the centre of the under- 
side of the plate. The path of the water is indicated by large arrows. 
The suspended dirt particles fall out of the current of water, as 
shown by the smaller arrows, and are di.scharged from the base 
through the valve, c. The coal particles are carried forward in the 
water and travel into the vertical pipe, b, from which they are 
removed bysConnections at e, e, shown in the section on X-Y. The 
best separation of dirt particles is fotind by varying the diameter 
of the deflecting plate and the position of the vertical pipe. With 
some particular setting and dimensions the results are found to be 
better than with others, and for each particular case this setting, 
once found, is maintained. With too small a deflecting plate the 
impurities go forward with the coal particles ; with too large a 
deflecting plate the coal .particles fall out of suspension and are 
removed with the dirt particles. 

The make-up water for the washing con© is admitted into cir- 
culation in the clarifying tank through a pipe controlled by the float 
valve, g. The water entering through a, together with this make-up 
water, is removed through the pipe, b, and is pumped back into the 
water circuit. In some American plants an additional innovation 
is a balancing column consisting of a standpipe, 80 ft. high and open 
at the top, placed between the base of the washing cone and the 
pump which drives the washing water into it. If a stoppage in the 
cone takes place, the pump forces the water up the standpipe and 
the increased pressure thereby provided is u.sually sufficient to break 
through the blockage and reproduce normal working conditions. 

In practice it is necessary to maintain a regular rate of feed of 
coal to the cone of a Robinson washer. If the feed is too rapid, the 
cone tends to become choked and dirt particles will pass over 
with the coal, whereas, with too slow a feed, the proper accumulation 
of refuse particles forming a kind of bed at the bottom of the washer 
is lost. The regularity of feed is assured by conveying the coal in 
bucket elevators to the feed shoot, whence it falls into the centre of 
the washer.* 

Reverting to Fig. 68, which shows the lay-out of a single cone 
washery in front and side elevation, and in plan, it will be seen that 
the operation of the process is quite simple. The raw coal is elevated 
and delivered by a shoot (not shown in the diagrams) into the washer, 
whence the cleaned product and the refuse are discharged directly 
into wagons. It willie noticed that no provision is made for screen- 
ing the coal either before or after washing. The Robinson washer is 
used for unsized coal, but the re.sults are more satisfactory if the 
coal is screened before washing into the sizes required in^the product 
and each size is then put through the washery separately*. Although^ 
all coal from 2 in. may be washed at one and the same time in a 
Robinson washer, if the products ftre to be sold as nuts, beans and 
slack, the best results will be obtained if the nuts, the beans and* the 
slack are each washed separately. The flow of the water is shbwn 
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clearly in the front elevation, and the drainage screen is shown in 
the side elevation. 

A washery with a throughput of 40 tons per hour is usually 
driven by two motors, each of 25 h.p. One motor drives the pump, 
circulating about 30,000 gallons of water per hour. The other drives 
the elevator, the revolving stirrer in the washing cone, and the chain 
dirt elevator. 

When the Robinson washer was first introduced, it was found to 
be unsatisfactory for unsized coal, and, as a rule, the coal was 
crushed and only small coal, below about f in., was washed. The 
washing was often effected without any further grading of the coal 
below I in. size, but the usual practice was to screen the small coal 
into two sizes. The Mining Institute of Scotland Coal-Cleaning 
Committee, who reported their findings in 1889-90, described 
several Robinson washeries in operation in Scotland, Yorkshire and 
Lancashire. Their r^ords wcr^ rather incomplete, but jt appears 
from their findings that the necessity of sizing was amply recognised. 
They state (Zoc. cit., p. 162) that : '' The coal being reduced to a 
uniform size previous to washing, the Robinson machine gives 
satisfactory results.'* In none of their descriptions, however, do 
they state the sizes washed. In one case they report [loc. cit., 
p. 203) that a bash washer (known as '' Bell's ") allowed a consider- 
able loss of fine coal in the dirt and recommended that the '' dross " 
be sized before washing, and the small sizes be washed '' in a more 
suitable machine, such as Robinson's, or perhaps, better, a bash 
washer, with the use of feldspar on the top of the plates." Robinson's 
washer appears, therefore, to have been considered more suitable for 
washing small coal than an ordinary piston jig washer without a false 
bed. I 

In more recent times it has become the practice to wash coal of 
larger size than f in. in a Robinson plant, 2 in., or even 2| in. coal 
being washed unsized. The only modification introduced to enable 
this to be done efficiently is the adoption of the clarifier for removing 
the fine dirt from the washing water. Nevertheless, although this is 
the practice in certain cases, it is safe to say that it is only possible 
in a limited number of instances, in which, owing to the distribution 
of coal according to size and the distribution of the mineral matter 
in the sized particles, washing is comparatively easy. With a coal 
containing a considerable bulk of particles of density intermediate 
between that of coal and shale, or one with a Jiigh concentration of 
mineral hiatter in the smaller sizes, the Robinson washer would be 
unsuitable without a preliminary grading of the raw coal, or unless 
only coal below, say, \ in. were washed. 

In one plant, where coal below 2J in. is washed in one operation, 
it is stated that the washed products are of a satisfactory quality, 
though complaints are not infrequently made with regard to the 
qu5».lity of the smudge (the washed coal through f in.). To ensure 
satisfactory cleaning of ihh small coal it is necessary to wash it 
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separately. This is in accordance with the conclusions to be drawn 
from a consideration of the theoretical size limits for separation, 
which for coal of specific gravity 1-3 and shale of specific gravity 
2-5* are 5 to i. Coal of 2^ in. size would therefore be contaminated 
with all the dirt below ^ in. Actually the ratio of 5 to i may be 
rather exceeded in practice, with a coal fairly free from inter- 
grown particles, because the effective density of the washing medium 
is greater than unity, owing to the su.^pension in it of fine particles, 
and because the phenomenon of hindered settling, which increases the 
theoretical sizing ratio is, to a certain extent, brought into play. 
Even so, the smaller sizes of dirt still pass away with the washed 
coal, some of it, say that below J > in., being removed on the spraying 
screens. 

The requirement for sizing a coal which*is not easy to clean is the 
chief disadvantage of a Robinson washer, for though it has the 
advantage* of a low installation cost and low •working costs, and is 
compact and easy to operate, the compactness disappears if a 
number of cones must be erected, each to wash one particular size. 
Taking a capacity of 40 tons per hour per cone, there would be no 
disadvantage for a total capacity of 160 tons per hour in requiring 
four cones each to wash one given size, for four cones would be 
necessary to wash the unsized coal. But if a capacity of 40 tons per 
hour only is required, it would be a serious drawback if four cones, 
each occupying about 200 sq. ft. of floor space, were to be needed. 
Even if smaller cones were used, the floor space required would 
be reduced, but only by a very small amount. The other dis- 
advantages of the Robinson washer are the high water requirements 
and the loss of small coal. For a single cone washery of 40 tons per 
hour capacity about 30,000 gallons of water are circulated per hour, 
about 3,000 of which passes through the clarifier and back* to the 
water tank. 

The capacity of the washer, and also the quantity of water 
required, depend upon the size of coal which is being washed. A 
cone with afl output of 40 tons per hour of coal washed in one size 
from 2 1 in. to o, has only a capacity of about 30 tons per hour when 
washing slack below § in., and the amount of water required is pro- 
portionately reduced since the speed of the upward current of water 
is less for small coal than for large coal. The power consumption is 
about I h.p. per ton of coal. 

The following resu4ts relate to the cleaning of coal by a Robinson 
wa.sher at the Whitwood Colliery of Messrs. Henry Briggs, Son and 
Co., Ltd., and are published by permission of Major D. H, Currer 
Briggs. 

Liquid S.G. f-4. 
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clearly in the front elevation, and the drainage screen is shown in 
the side elevation. 

A washery with a throughput of 40 tons per hour is usually 
driven by two motors, each of 25 h.p. One motor drives the pump, 
circulating about 30,000 gallons of water per hour. The other drives 
the elevator, the revolving stirrer in the washing cone, and the chain 
dirt elevator. 

When the Robinson washer was first introduced, it was found to 
be unsatisfactory for unsized coal, and, as a rule, the coal was 
crushed and only small coal, below about f in., was washed. The 
washing was often effected without any further grading of the coal 
below I in. size, but the Tisual practice was to screen the small coal 
into two sizes. The Mining Institute of Scotland Coal-Cleaning 
Committee, who reported their findings in 1889-90, described 
several Robinson washeries in operation in Scotland, Yorkshire and 
Lancashire. Their r(^ords wer^ rather incomplete, but jt appears 
from their findings that the necessity of sizing was amply recognised. 
They state {loc. cit., p. 162) that : '' The coal being reduced to a 
uniform size previous to washing, the Robinson machine gives 
satisfactory results.'" In none of their descriptions, however, do 
they state the sizes washed. In one case they report {loc. cit., 
p. 203) that a bash washer (known as '' Bell's ") allowed a consider- 
able loss of fine coal in the dirt and recommended that the '' dross " 
be sized before washing, and the small sizes be washed in a more 
suitable machine, such as l^obinson's, or perhaps, better, a bash 
washer, with the use of feldspar on the top of the plates.'* Robinson's 
washer appears, therefore, to have been considered more suitable for 
washing small coal than an ordinary piston jig washer without a false 
bed. • 

In rpore recent times it has become the practice to wash coal of 
larger size than | in. in a Robinson plant, 2 in., or even in. coal 
being washed unsized. The only modification introduced to enable 
this to be done efficiently is the adoption of the clarifier for removing 
the fine dirt from the washing water. Nevertheless, although this is 
the practice in certain cases, it is safe to say that it is only possible 
in a limited number of instances, in which, owing to the distribution 
of coal according to size and the distribution of the mineral matter 
in the sized particles, washing is comparatively easy. With a coal 
containing a considerable bulk of particles of density intermediate 
between that of coal and shale, or one with a J;iigh concentration of 
mineral hiatter in the smaller sizes, the Robinson washer would be 
unsuitable without a preliminary grading of the raw coal, or unless 
only coal below, say, J in. were washed. 

In one plant, where coal below 2 \ in. is washed in one operation, 

‘ it is stated that the washed products are of a satisfactory quality, 
though complaints are not infrequently made with regard to the 
quality of the smudge (the washed coal through f in.). To ensure 
satisfactory cleaning of {hfe small coal it is necessary to wash it 
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separately. This is in accordance with the conclusions to be drawn 
from a consideration of the theoretical size limits for separation, 
which for coal of specific gravity 1*3 and shale of specific gravity 
2 * 5 * are 5 to i. Coal of 2J in. size would therefore be contaminated 
with all the dirt below I in. Actually the ratio of 5 to i may be 
rather exceeded in practice, with a coal fairly free from inter- 
grown particles, because the effective density of the washing medium 
is greater than unity, owing to the suspension in it of fine particles, 
and because the phenomenon of hindered settling, which increases the 
theoretical sizing ratio is, to a certain extent, brought into play. 
Even so, the smaller sizes of dirt still pass away with the washed 
coal, some of it, say that below in., being removed on the spraying 
screens. 

The requirement for sizing a coal which*is not easy to clean is the 
chief disadvantage of a Robinson washer, for though it has the 
advantage* of a low installation cost and low •working costs, and is 
compact and easy to operate, the compactness disappears if a 
number of cones must be erected, each to wash one particular size. 
Taking a capacity of 40 tons per hour per cone, there would be no 
disadvantage for a total capacity of 160 tons per hour in requiring 
four cones each to wash one given size, for four cones would be 
necessary to wash the unsized coal. But if a capacity of 40 tons per 
hour only is required, it would be a serious drawback if four cones, 
each occupying about 200 sq. ft. of floor space, were to be needed. 
Even if smaller cones were used, the floor space required would 
be reduced, but only by a very small amount. The other dis- 
advantages of the Robinson washer are the high water requirements 
and the loss of small coal. For a single cone washery of 40 tons per 
hour capacity about 30,000 gallons of water are circulated per hour, 
about 3,000 of which passes through the clarifier and back- to the 
water tank. 

The capacity of the washer, and also the quantity of water 
required, depend upon the size of coal which is being washed. A 
cone with afl output of 40 tons per hour of coal washed in one size 
from 2^ in. to o, has only a capacity of about 30 tons per hour when 
washing slack below | in., and the amount of water required is pro- 
portionately reduced since the speed of the upward current of water 
is less for small coal than for large coal. The power consumption is 
about I h.p. per ton of coal. 

The following resuHs relate to the cleaning of coal by a Robinson 
washer at the Whitwood Colliery of Messrs. Henry Briggs, Son and 
Co., Ltd., and are published by permission of Major D. H. Currer 
Briggs. 
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The results are obtained in washing coal from 2 J in. downwards, 
and show that the washed coal contains 2-45 per cent, of removable 
dirt, and the refuse 5-86 per cent, of coal. This loss of coal in the 
refuse corresponds to a loss of 1-46 per cent, of the total feed coah 

In washing coal from 2 ^ in. to o, the raw coal has an average 
ash content of 13-0 per cent., which is reduced by washing to 6-o per 
cent. Slack below J in. before washing contains 21 -q per cent, of 
ash, which is reduced by washing to 6-5 per cent. 

At another colliery, where coal below 2 in. is washed, the raw 
coal has an average ash content of 15 per cent., which in the washed 
coal is reduced to 5*5 per cent., with a loss of coal in the refuse 
amounting to 2 to 2*5 per cent, (reckoned as a percentage of the 
refuse). 

The efficiency of the clarifier is illystrated by the following 
figures, which also relate to the Robinson washer with Hargreaves 
clarifier at WhitwooA Colliery, jvhere, of 30,000 gallons per hour of 
circulating water, about 3,000 pass through the clarifier. 


In water entering clarifier 
,, ,, leaving 

In fine dirt removed from clarifier . 


Composition of Solids. 

Coal por cent. 

Dirt per cent 

35-2 

64-8 

fX )-0 

40*0 

()-t) 

0.1*1 


Figures for a series of tests supplied by Messrs. Robert Wilson 
and Sons, Ltd., makers of the Robinson washer and Hargreaves 
clarifier, show that i cubic foot of water before clarifying contains 
8^ lb. of .solid matter, 3 lb. being removed by treatment. These 
figures are reckoned on undried solids. When dried, lb. of fine 
solids is removed per cubic foot of water. On a 40-ton per hour 
plant this is equivalent to the removal of 625 lb. of fine dirt per 
hour. On the basis of dry solids the figures given correspond to a 
concentration of 5*58 per cent, of solids in the water before clarifying, 
and 3-62 per cent, after clarifying. A test at Whit wood Colliery 
showed that the clarified water contained 4*43 per cent, of suspended 
solids, whereas the water leaving the washer contained 6-85 per 
cent., corresponding to a deposition of 1*51 lb. per cubic foot of 
water between the washer and the clarifier exit. If lb. is 
removed in the clarifier, ^ lb. (one-fifth as much) is deposited on the 
bottom of ihe storage tank. 

Further results for the cleaning of coal below | in. are given in 
Table 64. These results are tfie averages of two separate tests. 
Tlwi raw coal and washed ^coal were sized after washing into six 
sizes and tested ip solutions of S.G. 1-4, 1*5 and 1*6. 
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Table 64.— Results of Washing f in. to 0 Coal in 
Robinson Washer. Average of Two Tests 


Raw Coal 


Size. 

! 

Fraction. ' 

Per cent, of ! S.(t. 1-4. 

total . i 

S.G. 

1 - 4 — 1 '. 5 . 

S.G. 

1-5— 1*6. 

S.G. > 1-6. 

In. 






Over i 

21-5 

82-0 

• 1-5 

0*9 

15-6 

i to 

23-0 

80-9 

17 

10 

16-4 

i »> • 1 

25-0 

72-3 

1-6 

1-2 

22*9 

»• • : 

13*2 

64*2 

2-4 

T -9 

31*5 

A' »» fi*^4 • ! 

8-6 

637 

6-q 

I*Q 

33*4 

Through . 1 

87 

* 497 

6-2 

10*6 

33-5 

Total’ . 

i 

loo-o 

72-3 * 

2*5 * ; 

1 

2*0 

23-2 


Washed Coal 


- -- 




— 


Size. 

Fraction. 
Per cent, of 
total. 

S.G, <; 1*4. 

S.G. 

»' 4 — 1-5. 

S.G. 

i' 5 — 1 ‘(), 

S.G. > rO. 

In. 






Over ] 

17*9 

98*8 

0-4 

07 

0*1 

1 to 1 

30*2 

967 

O-Q 

1*2 

1*2 


317 

93 -« 

1-3 

1-5 

3-4 

Id M2 

7-8 

94-2 ■ 

. O-t) 

1-4 

3-5 

J 1 

M2 ’» (li 

6-4 

81 -4 

5 -() 

2*8 

10-2 

Through ,.^4 . 

()'0 

517 

3 -Q 

22-9 j 

’ 21-5 

Total 

• 1 

loo-o ; 

1 i 

92*3 

1-4 

27 

3*6 


This comprehensive series of results show that the coal is very 
well cleaned down to about J in., but below that size the cleaning is 
considerably poorer, and in the smallest size scarcely any improve- 
ment is effected. 

The results for tl%c raw coal are interesting, for they show clearly 
that the smaller sizes are much dirtier than the larger, tliefe being a 
progressive increase in the amounts of sinks at S.G. i*6. 
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UPWARD-CURRENT WASHERS: THE DRAPER WASHER 

The Draper Washer.— The most recent upward-current 
washer is that invented by the late Mr. J. M. Draper, and although 

as yet it has found only a small 
V ^ field of employment, its sim- 

J^*.«otoAL A plicity and flexibility suggest 

Air vcsstt that, ‘for certain purposes, its 
) I ^ ^ use may become more, general. 

^ j> * The advantages which it has 

r K over many other types of washer 

i I compactness and its 

i RTttHto coAi ability to wash small coal. In 

\ Iv * ^ Baum or other jig washer, 

i \ / / which is designed to wash large 

I C \ quantities of coal, and frequent- 

wATtR>^ I n \ / ly without previous sizing, the 

1 ^ a ) J small coal is only cleaned in- 

I differently. In a Draper washer, 

I ^ coal can be cleaned in sizes 

I down to in., and this is a 

J I ^ great advantage, for the smaller 

_ J ^ sizes of coal may be the dirtiest, 

r 1 1H5RLCT.OR the disposal of dirty small 

a J coal is a matter of some 

A«*MPu«eT T difficulty. 

Hi The Draper washer in its 

earlier form was described by 
^ P —sa Knox {Proc., S. Wales Inst. 

Af -i A Eng-/ 1918, 34. 3 . 291). It 

consisted of an inverted cone, 
.Rtvoiytnc Oisiri^nc,! Va' vi g (Fig. 70), attached to a 
straight l^gth of pipe, h, 

enclosed within a vertical steel 
IT7 T.U column, fl. The feed coal, which 

' ^ was sized before deaning, was 

from the shoot, e. As it fell into the cone it met an ascending 
current of water which separated the coal into two fractions, the 
lighter portion being discharged at the sill, d, the heavier portion 
falling into the pipe, h. ’ • 


lN»PLCTiON Wm.)Ov-»s 


\ 5AMPIINC 
To»t r 


[Fig. 70.— The Draper Washing Tube : 
Early Form. 




UPWARD-CURRENT WASHERS 


201 - 


For the earlier form of washing tube, the device shown in Fig. 71 
has been substituted. The principal changes effected are in the 
feeding and discharging arrangements, the direction in which the 
inlet water is admitted, and the dimensions of the tubular extension 
pipe. The coal is now fed from a shoot, E, into a central funnel- 
shaped hopper, F, from which the coal falls into the washing tube, H. 
On the outside of the neck of the feeding funnel is a truncated cone- 
shaped sleeve, J, the position of which is adjustable, the sleeve 
being clamped at any desired position pn the neck by means of four 


/ 



Fig. 71. — The Draper Washing Tube : Latest Form. 


bolts. The funnel-shaped mouth, K, of the washing tube, H, is 
fixed in position, so that by sliding the movable cone, J, down the 
neck of the feeding fynnel the width of the aperture, L, at which the 
washed coal is discharged into the trough, D, can be reduced. By 
sliding the movable cone upward, the width of the discharge aperture 
can be increased. The conical member, J, acts as a local restriction, 
its position being so determined that the velocity of tb^ ascending 
current of water is increased at the discharge point. All coal par- ’ 
tides which are carried upward in the current towards the discharge 
point are therefore carried over rapidly, by reason of the locally 
enhanced speed of the current. , 
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The raw coal falling from the hopper, F, into tlie tube, H, meets 
the ascending current due to the water admitted at B. In the 
earlier form, the usual width of the tube, h (Fig. 70), was 4 in. for coal 
from in. down to f in. in size, and 2 in. for coal below f in., and 
the tube was straight sided. Experience with the later washing 
tube has suggested the use of 6 in. diameter tubes for in. to 
I in. coal, 5 in. tubes for | in. to in. coal, and 4 in. tubes for coal 
below ^ in., and the shape shown in Fig. 71. The fitting of wider 
tubes to the improved washer enables the same degree of cleaning to 
be effected whilst allowing a greater throughput and making it 
possible to wash larger sized nuts. 

Instead of admitting the water in a direction somewhat inclined 
to the axis of the washer, as in the older form, the water is now 

^admittedhorizontallyand 
tangentially, as shown in 
Fig. 72 (which ^hows the 
Draper washing tube in 
plan) , so that the upward 
current of water produced 
in the washing tube has 
a spiral motion instead 
of a direct vertically up- 
ward motion. It was 
stated by Draper (Proc. 
S. Wales Inst. Eng., IQ19, 
35, i) that the gyratory 
motion of the water 
caused foliated shale 
particles to turn over, 
and fall more rapidly than 
they would otherwise do. 
As a result it was found 
possible to remove flat plates of calcitc and calcium sulphate entirely 
from the coal even in the smallest sizes. » 

The principle of imparting a spiral motion to the upward current 
is not a new one, having been introduced by Richards in his Vortex 
classifier. It is operative to some extent in the cone classifier pre- 
viously described, and also in the Robinson washer. In each of 
these appliances, however, it is incidental and slight. In the 
Robinson washer the slow rotation of the stirripg arms produces no 
degree of swirling comparable with that in the modern Draper 
washing tube, and its chief function is to break up agglomerations 
of particles and to carry the cleaned coal round the washing cone 
to the discl^rge point. For cleaning coal, the production of a spiral 
•movement in the ascending water current no doubt has the advan- 
tage suggested by Draper of causing foliated shale particles to fall, 
but.its beneficial effect is probably to be attributed to a considerable 
extent to the fact that it 'elfminates the eddy and counter currents 
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Fig. 72 .~The Draper Washing Tube Diagram 
showing Direction of Water Inlet. 
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set up in a turbulent flow of water straight up the washing tube. 
Eddy and. counter currents tend to cause a contamination of the 
products, coal being trapped amongst the refuse and dirt amongst 
the coal, and their elimination makes for a greater efficiency. 

In both the old and new forms of Draper washer, the water 
below the bottom of the washing tube (A, Fig. 70 ; H, Fig. 71) remains 
comparatively still, and the particles of refuse falling out of the 
washing tube descend into relatively •quiescent water in which they 
fall rapidly to the bottom of the main tubulure. They are dis- 
charged by a water-sealed revolving star discharge into a screw 
conveyor, which collects the refuse from a battery of tubes and 
delivers it into the refuse hopper. 

Above the refuse-discharge valve is a sampling device consisting 
of a sliding tube with a cjip-shaped depre! 5 sion fitted into a suitable 
chamber. Some of the particles falling to the bottom of the 
apparatus are arrested in their fall and ara collected in the cup, 
whence they can be removed by withdrawing and inverting the 
sampler. By this means the refuse can be inspected at any given 
moment and examined by float-and-sink methods to discover to 
what extent it contains material which it is desired to recover. 
The coal discharged at the circular rim of the funnel-shaped mouth 
of the tube, K, falls into the trough, D, where it is readily accessible 
for inspection and sampling for float-and-sink analysis. By these 
means the efficiency of washing is checked from time to time, and, 
when necessary, appropriate adjustment of the water supply is 
made. For convenience of operation under varying conditions, 
the valve regulating the water supply is fitted with a handle which 
moves in front of a graduated scale and enables the approximate 
setting for known conditions to be attained readily. 

As a further approximate check on the efficiency of operation, 
glass inspection windows were formerly fitted so that the refuse 
falling in the loiver part of the tube could be seen, but as the glass 
was soon abraded, they were of limited utility and have been omitted 
from the latest design. 

A subsidiary tube, C, is connected to the main lubulure. A, 
below the water inlet and just below the bottom of the inner separat- 
ing tube, H. This tube is clo.sed at its upper end and serves as a 
balancing column in the event of the discharge cone or the separating 
tube being choked by an irregularity in the feed. If a stoppage 
takes place in the ^separating or discharging zone of the washer, 
there is a momentary check to the upward water current, and to 
overcome the choking an increased pressure of water is required. 
It would not be convenient to alter the setting of the )yater supply 
valve to overcome a temporary choking, so some autojnatic device 
was required for the purpose, and this was provided by the atf 
column, C. When choking occurs, water is still supplied to the 
washer and causes an increased pressure in the air column. /Fhe 
increase in the applied pressure thus provided is, as a rule, sufficient 
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to free the stoppage, and restore the normal passage of the water 
current. When this is restored, the water level in C falls again to 
its normal height. In the older apparatus the air vessel (c, Fig. 70) 
had a tap at its upper end, but this has been omitted in the latent 
design. 

Fig. 73 is a photograph taken inside a Draper washery and 
supplied by Messrs. The Pearson and Knowles Coal and Iron Co., 
Ltd. On the extreme left of the photograph the full height of the 
balancing column (C, Fig. 71) can be seen. A battery of seven 
tubes is shown in the centre of the photograph, and on the tube on 
the right and near end of the battery, the water inlet , the balancing 
column joint, and the refuse-sampling device can be seen. Below 
the sampler is the plate sealing off the inspection windows. At 
the top of this tube the inclined launder receiving the washed coal 
(D, Fig. 71) can be .seen, and ju.st showing above this is the top of 
the adjustable conical sleeve (j. Fig. 71). 

Across the top of the photograph is the water main with the 
supply pipes branching downwards. The water regulating valves, 
with handles moving on a graduated scale, and the means of admit- 
ting the water from the supply pipes into the Draper tubulure in a 
horizontal and tangential direction, can also be seen. In the right 
foreground is the drive and shafting for the refu.se star discharge 
valves, and the bevel gearing of the valves is shown on the battery 
on the extreme right of the photograph. 

Until the early part of 1926 the Draper v'asher had only been in 
operation on a semi-industrial scale, tlu; plants erected by the makers, 
Messrs. Sheppard and Sons, Ltd., in South Wales, and Messrs. The 
Pearson and Knowles Coal and Iron Co., Ltd., in Lanca.shire, having 
been employed for experimentul purposes rather than for com- 
mercial .production. In the spring of 192O, however, a plant 
was erected by Messrs. The Pearson and Knowles Coal and Iron 
Co., Ltd., at their Coppull Collic;r59 near Wigan, to wash 35 tons 
of coal per hour. The washing equipment consists of twenty-one 
tubes arranged in three batteries, each containing sexen tubes. 
The lay-out is shown in Fig. 74. 

The coal, which includes all sizes below ij in., is tipped from 
wagons into the underground receiving hopper, A, by hydraulic 
tippers, C, C, and is conveyed by a scraper conveyor, B, to the 
buckets of the feed elevator, D. 'I'he rate of supply by the conveyor 
to the elevator is controlled from the surface *by sliding gates to 
ensure a regular rate of supply of coal to the washery. The elevator 
is totally enclo.sed for protection against the weather. The coal 
is discharged into the main revolving screen, E, which is of the 
single shell tj^pe, but is composed of three sizes of wire mesh screen 
to separate the coal into three fractions, namely, to | in. (double 
nuts), § to I in. (single nuts), and Inn. to 0. The two larger fractions 
fall into hoppers, from whifh they are passed to the washing tubes 
by scraper conveyors, G. The fraction through | in. falls on to 
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-Arrangement of Draper Washery (CoppuU Colliery). 
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The scheme of operation and water requirements of the washing 
plant were decided after a series of experimental trials. After 
determining {a) the distribution of the coal according to size by 
repeated sampling over a long period, and (6) the capacity of the 
washing tubes, it was possible to fix the number of tubes required 
for each fraction. 

It should be remarked that the only difference between the 
washing tubes for the largec sizes of coal and the tubes for the 
smallest sizes is the diameter of the internal pipe (H, Fig. 72), the 
outer casing and other members of the apparatus being of uniform 
dimensions. For small coal a narrower tube is required than for 
large coal, and since the upward current of water is also slower, 
the capacity of the small coal washers is accordingly reduced. 
Ihus, for to I in. coal, each washing tube can treat 3 tons of 
coal per hour, and the seven tubes washing the two largest sizes 
handle a total of 50 p^er cent, more coal per hour than the fourteen 
tubes washing the four smaller sizes. For coals other than that for 
which the washery was designed, the number of tubes required for 
the same output would vary according to the size distribution of 
the feed coal ; more or less tubes would be required according as 
the coal contained a larger, or a smaller, proportion than 60 per 
cent, of coal through | in. 

The capacity of each individual Draper washing tube is small, 
but the capacity of a battery of tubes per square foot of floor space 
occupied compares favourably with the requirements of many 
other washers ; paiticularly is this the case when washing coal of 
greater size than | in. Thus Draper (Proc, S. Wales Inst, of E)ng., 
35» 21), claims that a capacity of 5 to 6 tons per hour can 

be attained with a single washing tube with a 12 in. diameter base. 
(Presumably this claim applies to the cleaning of large nuts. As 
has been stated, the capacity on .smaller sizes is con.siderably le.ss.) 

The over-all power requirements for the washery at Coppull 
Colliery, which is designed to deal with 35 tons per hour of raw coal 
of sizes below in., total about 70 h.p., though 122 h.p. has been 
provided, as follows : — 

h.p. 

Main drive ........ 60 

Dirt creeper ....... 6 

Main pump, 1,600 gallons per minute,' elevated 65 ft. 45 

Fresh water pump, 80 gallons per minute, elevated 

65 ft 5 

Hydraulic ram (tippers) ..... 6 

* T22 

To operate the whole washery, two men and one boy are a 
, sufficient labour provision; • 
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Table 66. — ^Washing Results, Experimental Draper Washer 



Ash Contents per cent. 

» 

Raw Coal. 

Washed Coal. 

Refuse. 

Cap. Coll. Co. Slurry, ^ in. to o 

237 

7-2 

70-6 

M. Main Coll. Co. Do. in. to o 

13-3 

4-2 

67-4 

Do. Belt pickings, crushed 

35-8 

8-6 

717 

B. Coll. Co., Ltd. Fines 

31-0 

57 

71*2 

M.H. Coll. Co. Do. 

227 

4-1 

73*3 

F. Coll. Co. Slurry 

30-2 

4-8 

74*0 

Do. Do. . . . 

i8*4 

5-2 

70*1 

Do. Do. 

Cl. Colls. Anthracite shale and 

i6-o 

5*0 

62*9 

rubbish ..... 

49*1 . 

5-5 

8i*o 

M. & Co. Waste slack * 

24*9 


62 I 

C.C. Co., Ltd. Fine coal 

18-4 

. 37 

66-8 

Ocean Coal? to in. . 

• i 6-3 

• 3-6 

80-3 

Do. to in. 

15-4 

2-4 

8o*o 

Anthracite, to -3*^ in. 

II -5 

2-0 

88-5 


Table 67. — Results of Washing in Draper Washer 
(C oppuLL Colliery) 



1^01 

Ash 

Sjiei ific Clravity 










Size (.n ) 

cent 

of 

Con tent 
pci 

<i 4 


I 5 

1 5 

1 6 

> 

I 6 










Total 

cent 

\vt 

Ash 

wt 

Ash 

Wt 

Ash 

Wt 

Ash 




percent 

per ci nt 

per cent 

per cent 

per ( ent 

per cent 

percent 

percent. 

Raw coal. 











li-f • 

24 

i 7’3 

73-0 

4.4 

9-5 

17-6 

60 

27-0 

T 4'5 

77-4 

i-8 • 

^3 

T ()-0 

7 f -5 

5 ° 

4-0^ 

T7T 

6-0 

3 J '5 

13-5 

73 'C> 

8 --,”2 • 

12 

19-5 

73 -^ 

4-6 

4-0 

18-1 

4-0 

29* U 

19-0 

74-8 

. 42 “ in 

I I 

17-5 

75 ° 

4 9 

4*3 

J 7-5 

4-0 

3°*7 

i6*7 

72-1 

1^“32 

15 

17-5 

77-5 

5*3 

2-3 

19-2 

2-0 

24-7 

i 7 -f) 

70-6 

i-O . 

15 

27-4 

65-0 

4-8 

4-5 

20*0 

2-8 

239 

27-7 

75-0 

Total 

100 

i8-6 

73 '‘> 

4 7 

4*5 

i8-i 

4-5 

27-9 

17-4 

741 

Washed coal 












36 

6-8 

89-4 

50 

7-4 

i6-8 

2-2 

28-0 

I-o 

49-6 

• 1 

20 

5-4 

90-5 

4*2 

70 

140 

1-0 

30-5 

1-5 

35-8 

I-I2 • 

J 5 

6-6 

90-7 

4-0 

4° 

15-8 

2-7 

26-0 

2-6 

622 


10 

°-5 

89-6 

4-4 

5-7 

i6-3 

2-7 

233 

2-0 

54-4 

^“.3 2 

0 

8-2 

86-5 

4'2 

5-6 

17-3 

2-9 

24-7 

5 *° 

57-8 

4^2 • 

10 

i6-2 

74 *° 

4 '4 

0-7 

ly-C) 

3-6 

26*6 

15-7 

6g-o 

Total 

100 

8-1 

\S8-I 

4-5 

6-4 

16 1 

2-4 

20 5 

3-1 

64-0 

Refuse. 











li-i • 

18 

0(>-6 

0-3 

7-8 

Ntl. 

— 

Ntl. 

— 

99-7 

06-8 

8-8 . 

14 

M)-y 

2-7 

7-3 

i-o 

15-8 

1*6 

34*1 

94-7 

99*4 

i-. 4'2 ‘ 

9 

65-2 

Nil. 

Ntl. 

2-3 

10-8 

2-7 

23-3 

'^ 5-0 

67-7 

oVrk • 

14 

7^3 

Ntl. 

Ntl. 

1-0 

130 

i-o 

25-4 

98-0 

73*4 

i1t— aili 

t8 

731 

Nil. 

Nil. 

O'S 

] 1-0 

1-2 

27-3 

98-3 

74 *° 

32 “° 

^7 

71-9 

7-0 

11*0 

2*3 

9.7 

2-0 

3°-9 

88-7 

79-0 

Total 

100 

69- 9 

2-3 

103 

1*2 

t 

Tl'O 



95 -I 

72 7 



■ 210 


THE CLEANING OF COAL 


The possibility of washing slurry was examined by Draper, who 
obtained the results given in Table 66 in an experimental unit. 

The first eleven results were given in an early paper by Draper 
(Trans. Ceramic Soc., 1917-18, 17, 213), and the last three in* his 
later one (loc. cit.). The results do not show the amount of shale 
(sinks) in the washed coal nor the amount of coal (floats) in the 
refuse, but obviously, if there was any contamination at all, its 
amount could only have been slight. Especially with the last 
three, the separation effected was probably as nearly perfect as 
is possible with any process. It is worthy of notice, moreover, 
that in the first of these three examples, the coal all passed through 
a ^ in. sieve, and, under these conditions, the cleaning results 
are excellent. 

The results of washing at Coppull Colliery are given in Table 67. 
Float and sink tests were done on the raw coal, the washed coal and 
the refuse, each being first sized into six fractions. 

The Richards Vortex Classifier - In describing the Draper 
washer, reference was made to the Richards vortex classifier in 
which the upward water current is made, by design, to travel with 
a spiral motion. The classifier consists of a trough with a series of 
vertical separating columns in its base, and is used for the dressing 
of mineral ores A current of water rising through the columns in 
a helical path causes the material to be separated into two fractions, 
the one rising and passing into the next column, and the other 
falling. The spiral motion is acquired by th(.' admission of water 
through vortex fittings into a hydraulic chamber at the base of the 
column, and its effect is to nmiovc any tendency to produce a strong 
upward current in one portion of the column, carrying particles of 
the heavy material with it, whilst a downward or weak upward 
current is produced in some other portion, allowing light particles 
to contaminate the discharge products. 

With the spiral motion, there is a possible tendency for light 
grains to descend in the comparatively idle water in tfie axis of the 
stream. If this is encountered, a central core is suspended in the 
axis of the column, so ensuring a more complete spiral. 

The horizontal component of the helical upw^ard current is not 
effective in causing the light particles to rise to a higher position 
than the heavy particles, and it is doubtful if it serves any purpose 
other than to keep the particles apart. Jt has, however, the 
advantage, in practice, that it overcomes the difficulty of ensuring 
that a direct current straight up the tube is uniformly distributed 
over the cross-section of the tube, and it has the further advantage 
that it giyes more opportunity for the particles to slide over each 
other instead of colliding. This mechanical advantage is quite 
important ; for a particle whicii is just (but only just) able to rise 
ir\ a vertically upward current is constantly colliding with falling 
particles and driven down.* When it is subjected to a helical upward 



UPWARD-CURRENT WASHERS 


2II 


motion it escapes vertical collisions and can more easily work its 
way to the surface. 

The benefit of the admission of the water to a Draper tubulure 
in a tangential direction is therefore apparent. 

Classifiers of the Hindered -Settling Type. — None of the 
upward-current washers which have been described are of the true 
hindered-settling type. They depend ’essentially upon the free fall 
of particles in water, though it is true that the separation which 
they effect is influenced to some extent by the factors operative 
during hindered settling. No truly hindered-settling classifier has 
been used for coal cleaning, though there is no reason to anticipate 
that such an appliance would be otherwise than successful in cleaning 
coal. Indeed, in some respects, an advantage would be expected. 

The phenomenon of hindered settling has been defined by 
Richards and Locke (“ Text-book..of Ore Dressing," New York, 
ig25, p. 127), as follows: “Hindered settling takes place where 
particles of mixed sizes, shapes and gravities in a crowded mass, 
yet free to move among themselves, are sorted in a rising current of 
water, tlu' velocity ol which is much less than the free-falling 
velocity of the particles, but yet fast enough so that the particles 
are in motion." “ Free settling," according to the same authors, 
" takes place where individual particles fall freely, either in still 
water or against an opposing current, without being hindered by 
other particles." 

It is difiicult to specify exactly when practical conditions more 
nearly resemble those of tree than those of hindered settling. Thus, 
in a conical classifier of any type, and especially a conical appliance 
like the Robinson coal wa.sher, it is» not possible to say that the 
conditions of ‘ eparation of coal from dirt arc entirely those of 
Iree-falling, yet they are certainly not those which Richards implies 
in his definition of hindered settling. By the definition, it is required 
that the mechanical reactions between the mass of particles shall be 
such that they stratify under the influence of an upward current 
which could not by itself cause stratilicati()n. The separation of 
light from heavy particles must thcrefon' l)e effected by virtue of 
impulses and impacts between the particles, and must depend upon 
th(‘ effects of friction as well as upon the laws of fall of particles in 
liquids. 

All the cla.ssifiers^iid washers that have been de.scribcd in this 
MX'tion (upward-current .S('parator.s) dcipend tor their action, in thc‘ 
main, upon the frecvlalling properties of partieles, and not on effects 
of hindered settling. Then' are, however, washers of the hindered- 
settling type, in whicli the particles separate partly b}^ virtue of 
their free-falling properties, but mainly by reason of their behaviour 
when in a state of semi-suspension in a mass of particles of different 
dimensions. A classifier of this type was described by Richasds 
[Trans, Amer. I.M.E., 1909, 41, 39b), and'itsaction maybe explained 
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by reference to Fig. 75 (reproduced from Simons, '' Ore-Dressing, 
Principles and Practice,” New York, 1924.) 

The classifying chamber consists of an irregular conical vessel 
with a cylindrical pipe attached to its lower and narrower end. ‘ In 
the upper part of the chamber, separation of the feed into two 
portions takes place, the lighter particles being supported by an 
upward current of water supplied through a series of holes in the 
hydraulic chamber, H, and overflowing at the discharge point. The 
remainder of the particles, fall into the sorting column, C. The 
sorting chamber consists of two portions. In the upper portion, T, 
the sides are vertical, and in this, the teeter ” chamber, the particles 
are more or less in suspension, being too heavy to be lifted over into 
the pocket or settling chamber, but too light to fall against the 
inflowing water into the lower portion.^ The lower portion of the 

sorting column, K, has sides 



inclined to the vertical so that 
the passage of material down- 
ward is restricted and the 
vel ocity of the water is greater. 

In order that a particle 
may reach the discharge bush- 
ing or spigot, D, it must not 
only be capable of falling 
against the current in the 
settling chamber, according to 
the normal laws of fall, but 
must also pass through the 
suspension in the “ teeter ” 
chamber, and must then make 
its way through the bed of ma- 
terial in the constricted zone. 


The advantages to be expected from the use of a hindered-settling 
classifier are, briefly, as follows : — 

(1) In the “ teeter ” chamber the heavy particles are scrubbed 
free from all small adhering impurity below th(' critical size-density 
ratio, which is cast upward and ejected in the current of water. 

(2) The suspended material results in an effective increase in the 
specific gravity of the medium in which the particles arc moving, 
which increases the size ratio of equal falling particles and enables 
a wider range of particles to be separated. ■ lni)articular, it prevents 
the particles of the lighter material from sinking, when otherwise 
they might be removed with the heavier material. 

(3) Because of the mechanical agitation in the ” teeter ” chamber, 
a particle jnade up partly of one class of material, partly of the other, 
is liable to be broken up into two or more separate and “ purer ” 
particles. This latter effect would be a marked advantage if a rela- 
tively friable particle, such as a coal particle with shale attaching to 
it, were subjected to this ifiethod of dressing. 
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THE THEORY OF ALLUVIATION APPLIED TO COAL CLEANING 

The principle of alluviation is most familiar in geological studies 
of the deposition of water-born solids. It is by alluviation that the 
bed of a river may silt up. Particles which are denuded from the 
banks or bed of a river are borne in the water current until , at some 
position where the speed of the current is reduced, the current is no 
longer able to bear them fprward and they' are deposited. 

In a natural stream, the bed of the stream is composed, usually, 
of miscellaneous stones of different, sizes and of different specific 
gravities. Because of the irregularity of the bed, the water flowing 
over it is turbulent, and if the individual stones are small enough to 
be affected by the agitation produced, they arrange themselves so 
that the smaller stones cover the larger ones. An exactly similar 
effect is produced on a pebbly shore where the agitation of the flowing 
and ebbing tides tends to accumulate a layer of tiny pebbles on the 
larger ones. In eitlier of these cases, if the particles were of the same 
specific gravity, they w^ould arrange themselves in layers with the 
smallest on the top. If, however, the particles were all of the same 
size but of different specific gravities, the layers would be arranged 
according to density with the lightest material uppermost. In a 
heterogeneous collection of particles, the tendency is to accumulate 
the smallest, lightest particles in the top layer and the largest, 
heaviest particles in the bottom layer. Between the two layers the 
particles arrange themselves so that there is a compensation between 
size and density, and if the sizes are not too widely apart, the lighter 
materials will segregate towards the top of the bed, the heavier 
towards the^ bottom. 

Similarly, in a trough washer, in which a stream of water flows 
over an inclined surface in and among a multitude of coal and dirt 
particles, the w^ater current does not maintain a streamline form, 
but is essentially turbulent. Its turbulent flow sorts out the particles 
in the manner previously considered, with the result that there is a 
tendency for the dir^ particles to concentrate at the bottom and 
nearest to the plane. The lighter coal, on the other hand, lends to 
seek the uppermost layer. Between the top layer and the bottom 
layer will be a mixture of the larger coal and the smaller dirt. The 
layers of coal and dirt can then be separated by usi^g a water 
current of suitable speed. The coal in the upper layers can be made 
to travel forward in the water currdiit, whereas the dirt particles in 
the lower layers are not so free to move and can be made to remain 
stationary on the surface. 
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Early forms of trough washer depended upon alluviation only. 
The coal was washed down the trough by a current of water and, 
periodically, the feed was discontinued and the dirt on the bottom 
of the trough was shovelled away. In later forms of trough washer, 
modifications were introduced whereby the dirt could be removed 
continuously, and better methods of controlling the stratification 
were also devised. 

Coal-cleaning appliances depending mainly upon the principle 
of alluviation may be grouped into four classes. 

(i) Trough washers, in which coal and dirt are sc'parated by a 
('urrenl of water flowing down a plane. 

{z) hhidless-belt washers, which are similar to trough washers in 
principle, but in which the bell surface is in continuous motion. 

(3) Rheolavenr waslfers, which are ^‘ssentially trough washers 
with different methods of discharging the products, and with a 
slight difference in pcinciple. 

(4) Concentrating tables, on which the separation effected by a 
current of water flowing down a riffled plane is facilitated by 
mechanical means. 

This classification is not entirely satisfactory. In a simple 
trough washer and a Rheolavenr washer stratification is produced 
entirely by alluviation. There is, however, the difference that, in a 
simple trough washer, stratification is also induced by a current of 
water flowing among a multitude of particles (as in the bed of a 
natural stream), but in a Rheolaveur washer the particles are 
deposited from a rapidly moving current which is retarded by pro- 
gressively reducing the inclination of the trough. In the Rheolaveur 
washer, therefore, the stratification more nearly resembles the 
silting up of a river bed and the deposition of solid particles in 
estuarit^s and at river-bends. 

On a concentrating table, the principk? of alluviation is also 
operative in causing stratification, but the mechanical agitation of 
the surface of the table probably assists the process. I'he principal 
function of the agitation, however, is to transport the^ lower layer 
of dirt to the position of its discharge. 

It is common to all the four classes indicated that the particles 
in the layer of coal are carried to their discharge point by the water 
current. The four classes differ, however, in the means of removing 
the dirt. 

There are several washers which do not fal^ strictly into any one 
of the above four classes. Thus the Murton and Blackett washers, 
though usually classed as trough washers, might with some justifica- 
tion be included as endless-belt washers. Similarly, several endless- 
belt washejs differ little from shaking tables in so far as their design 
includes the principle of reciprocating movement in addition to that 
of continuous uni-directional movement. Nevertheless, the classi- 
fication suggested is comprehensive, and simplifies the consideration 
of the various cleaning api31iances which introduce alluviation. 
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It should be clearly understood that the principles of the separa- 
tion of coal from dirt in jig and upward-current washers, which were 
discussed in Chapters III and IV, are not applicable to the separa- 
tioh of coal from dirt by a current of water flowing down an inclined 
plane. In jigs and upward-current washers the motion of particles 
in still water and in vertical currents of water is involved. In 
inclined-plane washers, the particles are not always free to “ settle," 
the water currents are not vertical, ar/d the phenomenon of friction 
is of considerably greater importance. 

The principle of separation may be shown in the following 
way. Suppose that two cubical particles, A and B, of equal mass, m, 
but of different densities, and be at rest on a plane inclined at 
an angle a to the horizontal, the frictional force between each 
particle and the plane being greater than thfe force of gravity tending 
to cause them to slide down the plane. 

Since the particles are of different material, the coefficients of 
friction between them and the plane will be different. But, assuming 
for the moment that they have the same coefficients of friction 
with the surface of the plane, /x, because their masses are equal, 
the frictional resistance to motion will be the same for each. Now, 
suppose that a current of water flows down the plane, the stream of 
water being of sufficient depth to cover each particle. The force 
exerted by the water current on each particle is proportional to the 
area of the face of the cube upon which the water impinges, i.e,, is 


( jft\ ^ /fn\ ^ 

^ j and j , the length of each side of the 
cubes being respectively o and (O' 


If s'g is greater than 5^, the pressure of the water on the particle 
of specific gravity, will b(i greater than the water pressure on the 
particle of specific gravity, By adjusting the speed of the water 
current and the inclination of the plane, the conditions can be made 
such that the extra pressure on the particle of specific gravity, s^, 
can cause it to move down the plane, leaving the particle of specific 
gravity, Sg, stationary. 

The only opposition to the motion of the two particles is the 
frictional resistance of the plane and the same amount of resistance 
is offered to each. *The calculation, therefore, shows that it is 
possible to separate two particles of different specific gravities when 
the same opposition to their motion is provided. Actually, in 
practice, other factors are brought into play, as a result of which 
the opposition to the forward movement of the heavy j)articles is 
greater than the resistance experienced by the light particles, and, • 
simultaneously, a greater pressure ns exerted on the light particles 
than on the heavy particles. , 

The calculation made does not particularise as to the sizes and 
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specific gravities of the particles, and the dependence of their 
motion upon their physical characteristics. 

The conditions for separation can be more nearly defined by 
considering the general equation of motion of a particle made' to 
move down an inclined plane by a current of water flowing down it. 
Adopting the notation previously employed, the equation may be 
written : — 

• ^ = kbr'^iy^ — v)^ — ar^{s — i)/x cos a + ar^{s — i) sin a (38) 

g at 

W being the speed of the water current, v that of the particle, and 
k, a and b constants defining the shape of the particle.* Under the 
conditions of coal-washing practice, the particle does not slide down 
the plane in the absence bf the water current. Hence the frictional 
term ar^(s — i)/x cos a is greater than the gravitational term 
ay^(s — i) sin a. •• • 

By simplification and integration between the limits = O 
and V = V, the equation becomes : — 

^ I , W — + D , . 

D • • • • (39) 


where B = A* 


kb 


s ' ai'(s — i)’ 

andD = 


The ultimate velocity of the particle may be obtained by making 
t infinite. 

When / = 00, W — — D*= O, A, B and D being constant for 

a given set of conditions. If W — z; — D — O, 

W-D 

= W — cos a — sin a 

” W — VV /xcos a — sina .... (40) 

V being the terminal velocity of fall of the particle in still water. -j* 
This is a general equation applicable to any particle on a given plane 
with a given current of water flowing down it. The only variables 
for different particles are V and /x. * 

Applying the equation to the separation of coal from dirt, it 
follows that two particles, one of coal and one of dirt, will ultimately 
move with the same velocity if — 

W — ViV fii cos a — sin a = W — V gV 1^2 cos a — sin ai 

* This equation may be compared with that given in Chapter III for the motion 
of i particle on a plane with a current of water flowing up the plane. 

I See Chapter III. 
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where and relate to coal, and /xg to dirt. The limiting 
conditions for separation are, therefore, given when — 

ViV/i-i cos a — sin a == VgV/xg cos a — sin a, 

or, V^i(Si — — tan a = Vr^is^ — i) tan a, 


or, 


^ (^'^'2 - i) (/^2 - tan a) 
^2 (^1 i) (/^i ~ tan a) 


• (41) 


This relation between and defines the conditions under 
which two particles of different size ultimately move together. 
Under some conditions of coal washing on an inclined plane, the 
coal particle is made to move down the plane and the dirt particle 
is not allowed to acquire a motion down the plane, but is made to 
remain stationary relative to the separating surface. In other 
words, the acceleration of the coal particle given by equation 38 is 
positive, and that of the dirt particle is zero or negative. The 
limiting conditions for separation are then obtained by considering 
the size of two particles each with zero acceleration. The coal 
particle is then just incapable of being moved by the current, the 
dirt particle is just on the point of being moved. Under these 
conditions, two equations are obtained, namely : — 


For coal, since v = 0 and — 0, 


kbri^(W)^ — — i)/xi cos a + — 1) sin a = 0 . (42) 

And for dirt, 

kby^{y^y^ — cos a + — i) sin a — ^ 0 . (43) 

Dividing each side of equation (42) by and each side of equation 
(43) by ^2^ and equating, • 

kbW^ — ar^{s-^ — i)/ij cos a + ar^{s-^ — i) sin a • 

= kbW’^ ~ — i)/x2 cos a + «^2(^'2 ~ sin a, 

whence, 

i) (sin a — cos a) = ^2(^2 — i) (sin a — /xg cos a), 
which leads to the same size relationship as in the case of separation 
by taking advantage of the ultimate velocity of the particle, namely 

yj (Sj - I) (/X2 - tan a) 

^2 (s 7 - i) W-tan«) ^44; 

This elementary* examination of the motion of two particles on 
a plane down which a current of water is flowing is not directly 
applicable to the conditions arising in coal-cleaning practice. All 
that it indicates is that a separation of two particles' of different 
specific gravities can be effected, and by comparison with the sizt; 
relationship for separation in an upward-current washer, namely, 

Zl ^ Sg - I 

^9 Si — 1 
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it appears that the two particles can have a wider range of size than 
if they were to be separated by an upward current. The coefficient 
of friction between shale and steel (or wood) is greater than that 
between coal and steel (or wood), and /-t2 “ ^ therefore greater 

than fjLi — tan a, making the term ~ greater than unity. 

The factors which are brought into play in practice, but which 
have been excluded from consideration hitherto, all tend to widen 
the range of sizes. For this reason, the ratio of the sizes of coal and 
dirt that can be separated by a trough washer in practical operation, 
is greater than the ratio that can be separated by the simple action 
of a current upon two isolated particles. Consequently, in this 
respect, trough washers have a greater .advantage over upward- 
current washers than simple calculation suggests. 

The ratio of sizes is not, of necessity, greater, or even as great as 
the ratio for separation in a jig, because in a jig the velocity during 
the initial phase of fall in still water is a factor, as well as the ter- 
minal velocity of fall, and the size ratios for these two phases of 
vertical fall in water are not identical. Theoretically (equations 41 
and 44) the size ratio should be the same on an inclined plane 
whether the initial or ultimate phases of the motion of the particles 
is considered. 

When a water current on an inclined plane is utilised for sepa- 
rating raw coal into coal and dirt, the mass effect must be taken 
into account, and it is not satisfactory to consider that each particle, 
whether of coal or shale, is in contact with the plane. As has been 
stated, the particles tend to stratify with the coal in a layer above 
the dirt. 

The tendency for stratification in a trough washer cannot easily 
be examined mathematically because of the number and variety 
of assumptions that must be made. It is known, however, that 
this stratification in a simple trough washer is a gradual process. As 
an indication of its gradual nature it may be mentioned that an 
early trough washer erected at Ince, near Wigan, which is described 
in Chapter XIII, was 600 ft. long, 400 ft. being used as the washing 
section. 

In the first portion of a trough washer, the only definite separa- 
tion that has taken place is that some of the large heavy shale 
particles have taken up a position underneakth tfie remainder of the 
particles and some of the small light coal particles are uppermost. 
Between the layers of small coal and large shale, a layer of assorted 
particles is present. 

As the particles travel further down the trough, the particles 
lorming the intermediate layer tend to arrange themselves into a 
further series of layers, in which tJie lighter particles are uppermost. 
The«water current is always tending to move the lighter particles 
forward and to Cejuse them *to leave the heavier particles behind, 
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because, as has already been shown, the pressure of the water on the 
lighter particles is greater for a given mass than the pressure on a 
denser particle. 

• After some distance of travel the classification of the raw coal 
is fairly complete. The smallest coal is uppermost and the largest 
dirt is in contact with the plane, but because of the restricted free- 
dom of movement in the crowded mass of particles, some of the 
lighter coal particles are mechanically entangled in the deposited 
dirt, and can only be released by the operation of an additional 
disturbing force. 

The influence of a number of factors upon the segregated mass 
must now be taken into account Hiey may be considered under 
three headings, namely : — 

{a) The shape of the particles, 

{b) The strength of the water current, 

(c) The frictional resistance to motion in* different parts of the 
bed. 

[a) The Shape of the Particles . — Shale particles are, generally, 
of a flatter shape than coal particles and, in a trough washer, they 
tend to settle or slide with their largest face underneath, conse- 
quently, for a given mass, they expose a smaller area of cross section 
to the pressure of the current than do the more regularly shaped coal 
particles. 

Suppose, as a hypothetical case, that we consider a cubical coal 
particle and a particle of shale composed of two smaller cubes joined 
at one face (a rectangular paralleJopiped) And suppose that the two 
particles have the same weight, the specific gravity of the shale being 
twice that of the coal. Each particle will tend to present its smallest 
face to the current, so that, on the coal, the pressure of the current 
will be exerted over a surface area of r^^, being the length of one 
side of the cube. The pressure of the water being assumed to be 
proportional to the area of the face exposed to it, the force on the 
coal particle will be kr^, k being a constant. The force per unit 
• 

kr “ k 

mass will be being the specific gravity of the coal. 

‘‘'El 


The volume* of the shale particle is r.f^ X 2^2 ™ weight 

being equal to that of the coal particle, As by 

hypothesis, 2.^^, | Fhe force exerted by the water 

current will therefore be equal to than 

one-half of that exerted on a coal particle of equal weight. 

Taking their coefficients of friction as equal (actually that of the 
shale is the greater), the frictional resistance to each will be the 
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same, because their masses are equal. The influence of shape is 
therefore directed towards a facilitation of the separation of coal 
from dirt. 

(b) The Strength of the Current . — ^As the current flows down the 
plane, its speed is slower near the surface of the plane than in its 
upper layers. If a layer of large heavy shale particles rests on the 
surface of the plane, the layers of water near to the plane are still 
further retarded because of the frictional resistance of the surface 
of the particles. The upper layers of the water do not meet so 
much extra resistance, because the particles towards the top of the 
bed are more loosely packed. The conditions are, therefore, more 
favourable to the movement of the coal, which preponderates in the 
upper layers of the bed, and unfavourable to the movement of the 
shale in the lower layers. • ^ 

If a cubical particle of coal is resting on a bed of shale and is met 
by a relatively strong Qurrent of water at its upper edge and a weaker 
current at its lower edge, the strong currcJit at tlie top will tend to 
tilt the particle and make it roll along on the top of the shale. 
Consequently there is less frictional resistance to its motion than 
if it were to slide over the shale, 'rhere is much less (if any) tendency 
for the flat shale to roll along in this manner and the unevenness of 
the water current thus tends to reduce the frictional opposition to 
the coal without proportionally reducing the frictional opposition 
to the shale. 

Reverting to the conception of three layers of material, the top 
one of coal, the middle one of larger coal and small dirt, and the 
lowest one of large dirt, it may be seen that there will be an oppor- 
tunity for the small dirt to fall out of the middle layer into the 
interstices between the large dirt particles in the bottom layer. 
This tendency will arise because the turbulent water in the middle- 
depth of the stream is being constantly checked on account of the 
uneven bed of dirt on and in which it flows, and the temporary and 
relatively quiescent conditions that then arise will afford an oppor- 
tunity for the .small heavy particles to sink into the gaps.in the bed 
of large heavy dirt particles, the coal particles being prevented from 
so sinking on account of their greater size. 

Except for these considerations, the fact that the water is 
turbulent does not interfere with the theoretical deduction of the 
limiting degree of separation possible, for despite the fact that the 
water does not impinge on the surface of 'the^, particles normally, 
but in a* variety of directions, nevertheless, if all the variety of 
currents be resolved in a direction parallel to the plane, some mean 
value is obtained which is the same for all particles. 

(c) The l^rictional Resistance to Motion . — The lack of uniformity 
^n the speed of the water current has already been shown to provide 
a tendency to decrease the frictiofial resistance to the coal particles 
in tte upper layers of the bed of material, without correspondingly 
reducing the frictional resistance to the movement of the shale 
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particles in the lower layers, this effect being produced by imparting 
a rolling motion to the coal particles. 

The frictional resistance to the motion of the shale is also 
increased because the shale is pressed on the surface of the plane 
by the weight of the coal above it. At the same time, the tendency 
for coal particles to be opposed by friction with the plane is reduced 
because coal particles rarely come into direct contact with it. If 
they do, they will move down the phine more rapidly than do the 
shale particles and, on colliding with a flat shale particle, will 
probably be lifted from the plane if ‘a favourable opportunity (a 
loose bed above them) occurs. 

The calculations at the beginning of this chapter showed that 
there was a tendency for coal particles to be moved away from shale 
particles by a current of water when each* was opposed by the same 
frictional resistance. The ratio of separable sizes in these circum- 
stances w,as found to be , 

^ (-Sa — i)(m 2 — tan a) 

>"2 (si - — tan a) 

In the circumstances of coal-cleaning on an inclined plane, the 
frictional opposition to motion is unequal, the shale being opposed 
by forces of greater magnitude. The sizing ratio is therefore 
increased to a value greater than that suggested by the formula, 
and this is known to be the case in a well-designed trough washer, 
such as the Rheolaveur. 

The theory outlined explains the principles upon which coal 
is separated from dirt by the simple flow of a current of water over 
an inclined plane and is applicable directly to trough washers. In 
a trough washer, the coal is carried forward by the stream of water, 
and the dirt settles to and remains on the bottom of the trough. 
In endles.s-belt appliances, the coal passes down the belt in the 
current of water. The dirt is held to the surface of the belt by 
frictional forces and travels with it in the direction opposite to that 
of the coal. 

The action of a Rheolaveur washer is similar to that of a trough 
washer, though it differs in certain respects. The coal and dirt are 
given initial velocities, and the actual separation is effected by 
allowing the coal particles to pass forward whilst the dirt particles 
are retarded. 

The cleaning of coal on concentrating tables also depends upon 
principles similar il) those of trough -washing, but the reciprocating 
motion of the surface of the table and the presence of riffles upon it 
introduce modifications which require to be dealt with separately. 
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TROUGH WASHERS 

Trough washers were the most primitive of all forms of washer 
used for the enrichment of ‘metalliferous ores, but they were not 
used for the cleaning of coal until attempts had first been made 
with various forms of jig. As already stated in Chapter V, 
trough washers were first employed in France and Belgium for 
coal washing about 1841. In Germany, where the first attempts 
at coal washing were ‘made, various forms of jig were used, but 
trough washers apparently received little consideration. The 
recorded evidence shows that in Great Britain trough-washing 
methods were not employed until Berard’s continuous coal-washing 
jig had been introduced in 1849. The earliest recorded trough coal 
washer used in Great Britain, so far as the authors are aware, was 
that of Green and Bell at Shincliff Colliery, Durham, in 1857 (J. A 
Birbeck, Proc. Chest, and Derby In.st. Eng., 1872, i, 7b), described 
in Chapter V. This trough wavsher, however, involved the use of 
various mechanical devices for stirring and aiding the cleaning out 
of tlie settled refuse from the troughs, so that it would appear 
likely that simpler forms of troughs were in use at a somewhat 
earlier date. 

After the possibility of cleaning small coal had been demonstrated, 
trough coal washers were adopted in Durham, Yorkshire and 
Lancashire, and because of the simplicity of their construction and 
working', and the difficulties which w(Te cnc( )imlered in the early forms 
of jig wa.sher, they became very popular for the cleaning of fine coal 
for coke manufacture. 

Early Types of Trough Washer. — Some of the earlie.'jt forms of 
troughs or “ spouts wctc extremely long, lor besides th(Mr use for 
coal-cleaning purposes, they also served to conves' coal from one 
point to another. Thus at luce, near Wigan, Lancs, (according to 
(i. (Tilroy, Trans. N.E. Inst. Min. Eng., i8()3-b(), 15, 61), the total 
length of the trough erected in 1864, was boo ft. rhe iir.st 275 ft. ol 
its length had a fall of i in 18, followed by section 40 ft. in length, 
with a gentler inclination of i in 24 ; the trough in both these 
.sections was 10 in. wide and 10 in. dc(‘p. After the second, there 
followed a further section 70 ft. in length, with the samc^ inclina- 
tion as the second sciction (i in 24), but the trough was wider, 
cuamely, 23 in., and had sides of the same hedght (10 in.). This first 
400 ft. length was the true washing portion. The remainder of the 
length of the trough (200 ft.) was used to convey the wa.shed slack 
to the beehive coke ovens. 
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In the washing section of the trough, the slack was carried along 
by the stre9.m of water, and the refuse was gradually deposited over 
the whole length. The heavier dirt settled in the first section. The 
lighter dirt tended to settle in the second section, where the gradient 
was less, and in the third and wider section, where the water current 
was slower. Midway in this portion of the washing trough was a dam 
3 in. high, which arrested the progress of the lighter shale particles. 
In operation, when the settled refuse^ had attained the level of the 
top of the dam, a second dam, also 3 in. in height, was added to the 
first. The segregation of the refuse wds further aided by additional 
dams, fixed at distances of 24 ft. and 55 ft. from the first dam. In 
the third and wider section of the trough, several valves were fitted 
for the removal of the refuse. The first valve was at a point 15 ft. 
before the first darn, and additional valv.es were fitted in front of 
the two other dams. WlTen the settled lighter dirt had risen to the 
top of the first 6 in. dam, the first refuse valve was opened (the coal 
supply being cut off) and the refuse was flushed from the trough 
into wagons. The settled refuse from the succeeding length of the 
trough up to the third dam was similarly removed through valves. 
All the valves controlling the working of the washer were under the 
control of a man at the coke-oven end of the trough. 

Fine coal was admitted from a hopper at the colliery screening 
plant, together with a supply of water, and the washed coal was 
carried along by the stream of water over the series of dams to the 
last section of the trough, which conveyed it to the hoppers at the 
beehive-oven plant. The capacity of the washer was said to be 
12 tons of coal per hour, about 6 per cent, of refuse being removed. 
80 to 90 gallons of water were circulated per minute or 450 gallons 
per ton of coal washed. The labour costs were stated to be 0-3^. 
per ton of slack. 

The washing troughs were not invaj'iably (d great length, and 
sometimes quite .short troughs were used, as in ore-dr(\ssing practice. 
Thus at South Tynv ('oDiery, HaltM’histle, Durham (according to 
J. Brogd^i, Trans. S. Wales Inst. Juig., 1876-77, 10, 119), the first 
trough used was a single length of 25 ft. At the same colliery 
several troughs were later u.sed for coal washing which were 29 in. 
wide and 6 in. high ; the length, unfortunately, is not stated. The 
bottom and sides of the trough were grooved at intervals to receive 
dams, which were inserted during the process of washing. Coal was 
shovelled into the trough by hand and a man assisted tlie spreading 
of the coal by means of a rake. I'his method of procedure is very 
similar to the methods used in ore-dressing practice, in appliances 
called buddies." 

At Aldewarke Main, Yorkshire (according to the report of 
Scottish Coal-Cleaning Committee, Trans. Min. In.st. Scot., 1889-90 
II, 168), double troughs, each 16 in. wide and 9 in. high, were em- 
ployed, with a fall of i in 24. A length of 50 yd. was considered 
satisfactory for washing 8 J tons per hour. The length of the trolighs 
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employed was much greater than 50 yd., but this was because they 
were used also to convey the washed coal to the coke ovens, situated 



^sornc distance from the colliery. The bottoms of the troughs were 
covered with glass plates to minimise the wear, and dams were 
fitted at short intervals to aid the control of the washing process. 
The unwashed coal contained 12 per cent, of free dirt, which was 
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reduced to 4 per cent, by washing. The coke produced from the 
washed coal contained only 6 to 7 per cent, of ash. The pea nuts 
were washed separately in troughs, and other sizes of coal were 
crushed by rollers before being delivered to the troughs or washing 
“ spouts.” The water from the troughs was run into one of three 
settling tanks, each 48 ft. long by 20 ft. wide and 7 ft. deep, and 
capable of holding 40 tons of fine dirt. Part of the water was re-used 
after settling, but some of it ran to waste. The cost of elevating, 
crushing and washing was stated to be 2*75^/. per ton of coal. 

At Nunnery Colliery, Yorkshire (according to the same autho- 
rity), the troughs were of similar dimensions to those at Aldewarke, 
and in a length of only 54 ft. it was found possible to wash 157 tons 
of coal per hour. The actual washing length of trough was succeeded 
by a further trough to convey the coal about half a mile to the 
ovens. (Hence it used to be claimed, with pride, that Nunnery 
possessed the longest washer in the country.)* Part of this trough 
was placed horizontally to enable the lighter portions of dirt to 
settle. In a period of one day (14 hours) about 4 tons of light dirt 
were collected in this horizontal section and were flushed out at night 
time. The amount of refuse; removed from the coal is stated to be 
about 10 per cent., but the ash contents of the raw and washed coal 
are not recorded. Pit water was used, amounting to 200 gallons 
per minute (or 750 gallons per ton of coal), and was run to waste 
after use. The cost of cleaning is stated to be 1-4^. per ton of 
coal. 

At Flimb5^ Cumberland, two parallel trough or ” rhone ” washers, 
illustrated in Fig, 76, were employed. They were 150 ft. long, 17 in. 
wide and 13 in. deep, the inclination being 1 in 36. The troughs 
were supported from the ground b]f a series of trestles. In each 
trough dams 2 in. high were fitted 20 ft. from the lower end. The 
two troughs were used alternately, one trough being cleaned out 
whilst the other was in operation. The wa.shed coal overflowed into 
a tank from which it was elevated to a hopper by a bucket elevator 
operated by a 5 ft. water wheel, which was worked by the water 
overflowing from the tank (Fig. 76). The percentage of dirt removed 
was 18 per cent., and the cost of washing was per ton of 

coal. 

On account of the simplicity of their construction and the ease 
with which they could fill a dual role of washer and conveyor, trough 
washers were frequently employed in the coalfields where coking coal 
was mined, to prepare the coal for beehive coke manufacture. By 
their use a clean coal was readily obtained, but there was usually a 
loss of considerable quantities of coal in the refuse. For example, 
D. Cowan {Trans, Min. Inst. Scot., 1888-89, 10, 229) records the 
following figures for the working of a number of trough washers. 

In the last example, the removed of dirt from the coal was not 
very efficient, but, to compensate for this, there was little loss*»of 
coal in the dirt. These results are typical of many analyses we 
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T^er cent. Dirt in Qoal. 

Per cent. 

Place. 

Typ-. 

Before 

W^ashing. 

After 

Washing. 

Coal in 
RefuSe. 

Carron, Scotland 

Simple 

14-32 

4'45 

9-14 

Tco.sdale, Durham 

Bell Sc Rain.say . 

13-84 

3-40 

13-38 

E. Howie 

Ramsay . . j 

25-35 

13-51 

trace 


have made on the working of a simple trough washer which is still 
in use for the production of washed coal for the manufacture of 
beehive coke. According to these analyses, whilst an efficient 
cleaning was readiJ}^ obtained, a loss of about 10 per cent, of coal in 
the refuse was a common experience. 

The disadvantages of the simple trough, apart from the loss of 
coal in the refuse, lay in the high water consumption, and the 
difficulty and expen.se of labour. In many cases the water, after 
passing tlirough the trough, was not re-used, and carried away with 
it a large portion of the finest coal (as well as of dirt), so that its 
disposal frequently proved to be a difficult matter. Tlie very length 
of the trough in many cases madii it difficult and costly to retain the 
water for re-use, and, moreover, its (‘xtremc length made it neces- 
sary to work in tlic' open in all sorts of weather, thus throwing an 
additional difficulty in the way of control. 

Once the coal and water supplies had been adjusted, the manual 
labour required for the control of a trough washer consisted in 
turning over the settled dirt with a shovel to permit the recovery 
of some of the coal which was trapped with the dirt. When the dirt 
had accumulated to a certain d(‘pth, the supplies of raw coal and 
water were cut off and the dirt was removed from the floor of the 
trough. Sometimes this involved the shovelling of the dirt into tubs, 
and in certain cases returning some of the refuse from the lower 
section of the trough to the feed end for re-washing. Continual 
attention had to be paid to stirring the s('ttled dirt to prevent undue 
loss of coal in the refuse. Thus the work was arduous and, in wet 
weather, disagreeable. 

The Green and Bell Trough Washer.— Many attempts have 
been made to increase the mechanical efficiency and throughput of 
simple trough washers. One of the first attempts was made in 1857 
by Green and Bell, who introduced mechanical devices to stir up the 
settled dirt and aid the removal of the refuse from the trough. This 
^ washer is illustrated in Fig. 77, in which dams, h, are connected by 
bell cranks, e, to a connecting rod,/, b}^ the adjustment of which the 
dams could be raised clear of the trough. A series of rakes, c, 
were actuated by the movement of a rod, d, to stir up the settled 
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dirt. When sufficient dirt had accumulated the rake and dams 
were raised, ^and the refuse flushed out through the door, g. 


T'he Wunderlich Trough Washer. — A trough washer in which 
an attempt was made to reduce the loss of 
coal with the refuse was the Wunderlich, used 
in Bohemia (^altl, Oest. Zeit. Berg. Hutten., 1897, 

45» 357)- In tins washer, two troughs, each 
18 in. wide, were employed, the refuse from one 
being elevated to the head of the other for re- 
washing. Belts were employed for conveying the 
coal. The capacity of the trough, when washing 
sized coal, was found to be 15 tons per hour for 
coal of I to 2 in. size, and 9 tons per h6iir for 
coal of I to I in. size, with a water consumption 
of 740 gallons per minute, or 4,933 gallons pei^ton 
of line coal. When the refuse from one trough waA 
rC'Washed in the second trough, it w'as unnecessary 
to size the coal before washing. The cost was said 
to be lod. per ton. 

The Bell and RanivSay Trough Washer. — The 

l^ell and Ramsay washer, which was in use in t88c) 

(Trans. Min. Inst. Scot., 1889-90, 11, 186), was an 
improved form due to the mechanical jngemiity of 
Erskine Ramsay, who was responsible for me- 
chanical improvements of the RoOinson washers 
used in America (p. 194). The Bell and Ramsay 
system illustrated in Figs. 78 and# 79 included 
devices for similar purpo.ses to those in the (earlier 
forms of (ireen and Bell. Stirring rods were used 
as well as a series of dams, the essential difference 
between this and the Green and Bell wa.sher being 
the introduction of mechanical means to lower one 
end of the trough to flirsh out th(^ settled refuse 
instead of raising the dams and scrapers. At Robin 
Hood Colliery, Maryport, Cumberland, the coal was 
tipped on to a jigging screen through which the 
fine coal passed into a pit wdience it was elevated 
to the Bell and Ran^say w'asher. (I'he large coal 
was hand-picked on the screen and passed into the 
wagon illustrated in Fig. 78.) Each trough was 
made of sheet metal and was semicircular in 
cross-section. Both were hinged at the upper 
end, the lower ejid being supported by an a: 
hand lever for purposes of control (Fig. 78). A shaft, provided at 
frequent intervals with stirrers (C, Fig. 79), extended the whe^e 
length of each trough, and had a transverse oscillating motion. A 
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series of dams were also employed, these in the upper portion of 
the troughs being adjustable by means of levers (A, Fig. 79), 
and others placed in the lower part of each trough were fixed 
to framework above the trough, and so were permanently fi^ed 
in position when the trough was in operation. Fixed scum plates 
were also used in conjunction with several fixed dams (B, Fig. 79) 
to prevent any coal from floating away on the surface of the water. 

In operation, the coal was carried by the water stream along the 


A 



li u 


Img, 78. — Boll and Ramsay Trough Washer. 

trough, whereas the dirt settled to the bO.ttoip and was arrested by 
the daitis ; its agitation by the stirrers prevented excessive quanti- 
ties of coal from being entrapped in the refuse. When a certain 
quantity of dirt had accumulated in one trough, the supply of raw 
coal was deflected to the other, and the lower end of the first trough 
was lowered clear of the fixed dams and stirrers by manipulating 
the hand lever A, Fig. 79. The adjustable dams of the upper portion 
o\ the trough were raised by the appropriate hand levers to enable 
the stream of water to flush out the refuse into a wagon {vide Fig. 78). 
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In this way the labour of controlling the working of the trough washer 
was much reduced and the throughput of coal increased. 

The Bell and Kirkby trough washer {Iron and Coal Trade Review, 
I9b4, 68, 1057) was an improved Bell and Ramsay washer in which 
the inclination of the trough was variable. 

The Scaife Trough Washer. — A somewhat similar type of 
trough washer, the Scaife, has been used in America (Fulton, Coke, 
Scranton, Pa., 1905). The trough, illustrated in Figs. 80 and 81, was 
semicircular in cross-section and was 24 ft. long, and 2 ft. in dia- 
meter. It was hinged along one .side to the supporting framework. 
The trough was retained in its 
washing position by the balance 
weight, e, and the lever, fixed 
to the trough ; the trough was 
locked in -position by means of 
a tongue on the operating lever, 
g, and an eye in the trough. A 
number of dams were fixed in 
the trough at intervals, and a 
series of stirrers, c, were fitted 
to a shaft, b, which was given a 
reciprocating movement, trans- 
verse to the length of the 
trough, by a crank and a con- 
necting rod fitted to the driving 
pulley, d. 

In operation, coal was carried 
by a stream of water along the 
trough, which was suitably in- 
clined, and the dirt settled to the 
bottom, where its movement was 
arrested by the dams. The 
settled refuse was agitated by 
the stirrers to avoid undue loss of 
coal in the rejected refuse. When a certain quantity of dirt had 
collected in the trough, the supply of coal and water was cut off and 
the operating lever, g, moved to unlock the fixing of the trough. The 
levers, /, were then moved over towards the trough. The trough was 
thus depressed and tie refuse was discharged into a shoot. A further 
movement of the lever, g, brought a clutch into operation and the 
trough was raised to its washing position, with the aid of the chain, 
A, the weight, i, and the driving pulley, d. The trough was locked 
in position again, the clutch being at the same time thrown out of ^ 
action, and the balance weights adjusted. The washer was then 
ready for re-use. • 

The McLellan Trough Washer* — The McLellan trough 



seertOM 
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Fig. 79. — Bell and Ramsay Trough 
Washer : Sections through Troughs. 
(A) Movable Dams ; (B) Fixed Dams 
and Scum Plates ; {Cj Stirrer. 
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washer {Iron and Coal Trade Review, 1904, 69, 413) consisted of two 
troughs on cither side of a central trough ; the dirt was •carried from 
the side to the central trough by arms working on shafts, and was 
discharged thence by means of a screw conveyor. 

The Lodge Trough Washer. — At Lodge and Longrigg 
collieries, Slamannan, Scotland, simple troughs were used as early 
as i 8()9. At Lodge colliery, in order to increase the output, double 
troughs were built, 60 ft, lo^lg, ii in. deep, and 4 It. wide over the 
first portion of the length and 3 ft. wide over the remainder (Fig. 82). 



Fig. -Si. — Cross-section through Sciiife Trough Washer.* 

The bottom was an armoured steel plate { in. thick. A central 
division in the trough and the sides was made of iron plate in. 
thick ; the inclination was i in 22. A second trough of semicircular 
cross-section, more steeply inclined, was placed below each main 
trough.^ In the upper trough, openings were nvide at 8 ft. intervals, 
and were supplied with stoppers fitted with handles, F, for their 
removal. Immediately in front of each opening a dam, C, was 
placed to aid the segregation of the refust‘. In operation, each of the 
washing divisions was used alternately. When one was in use, the 
other was being cleaned out by raising the stoppers, D. The refuse 
was flushed into the lower trough to the point, E, and loaded into 
Widens. The washed coal overflowed into the shoot for delivery 
to the coke-oven plant. * 
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At Longrigg Colliery the coal liad a high carbon content (90 per 
cent.) and. a high specific gravity, d'his made its separation from 

the accompanying shale a matter of 

greater difficulty than the washing of ^ — 

ordinary bituminous coal. The raw j | 

coal contained from 20 to 25 per cent. ^ ^ aiat: 

of dirt, and although it could be jT| 

cleaned satisfactorily in simple trough I 

washers, the yield and throughput were II » 

small. Various attempts were made* to ^ 
use “bash” washers, but in them the | | 
coal was subjected to too much dis- ? ) I » 

integration. Accordingly, a modified ^ 1 1 

trough washer was adopted [Trans. Min. • ^ 1 1 ^ 

Eng. Scot., i88g-9o, it, *217), in which I | ^ 

mechani(;al means were introduced to • 1(5 | ^ ^ 

increase the rate at which the settled (I ^ 

refuse was removed and so to increase ^ ^ 

the throughput of coal. The trough was II 

60 ft. long, 2 ft. wide and ii in. deep, p ^ 

and set at an inclination of i in 18. The I g 

coal was admitted, together with part of ijL6yel aiJC ^ 

the water supply, from a shoot at a Ijj & 

di.stance of 15 ft. from the upper end. I 

The remainder of the water was intro- (I | 

duced at the extreme upper end of the ' I S 

trough, through a cock. A series of ill / \ ^ 

dams or scrapers 2 in. high were set on J I acgc ^ 

a connecting rod inside the trougji at II 

intervals of 4 ft. The scrapers moved ^ 

continuously up the trough, and returned ;;; I 

underneath it, passing over drum heads $ 

at both ends. By this means the settled | |/ 

dirt was (parried to the feed end, and, III 

the upper 15 ft. length, was re-washed 
by the main stream of water to recover 
some of the mechanically-entangled coal 
particles. The refu.se was then discharged 
into wagons. The lighter coal particles 
were carried over tlif travelling dams and ^ 
passed from the lower end of the trough j 
into a de-watering rotating cylindrical 

sieve. This trough, which was described as self-cleaning, washed 
20 tons of coal per hour. ^ 


The Elliott Trough Washer.— In 1894, Elliott [Colliery 
Guardian, Nov. 16th, 1894) designed his w(dl-known trough washer 
wliich was, and still is, built bj^ the Hardy Patent Pick Co., Ltd., of 
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Sheffield. In many respects it was similar to the Longrigg washer 
previously described. Elliott followed the practice of admitting the 
raw coal at a point some distance from the upper end of the trough 
to allow the settled refuse to be re-washed before rejection. For 
this purpose he introduced the raw coal midway in the length of the 
trough, so that only half the total length was used to wash the coal 
the other half being utilised in re-washing the refuse. ^ (It may be 
noted that, in ore-dressing practice on endless belts, this method 
had been in use for fifty years.) 

An early form of the Elliott trough washer was built of cast iron 
or steel plate, and was 6o ft. in length with an inclination of i in 12. 
The bottom of the trough was flat and 18 in. wide, with sloping sides, 
so that the top width of the trough was 30 in., the depth being 
II in. Sprocket wheels were fixed at each end of the trough to carry 
an endless chain to which scrapers were fixed at intervals. These 
formed travelling dapis which moved along the bottojn of the 
trough towards the upper end. Coal, from which the fine dust 
had been removed, was delivered to the trough 25 to 30 ft. from the 
upper end. Water was admitted with the coal at the mid-length of 
the trough and a further supply entered at the upper end. The 
stream of water carried the coal down the trough in the coal-washing 
section, cascading over the scrapers to the lower end, where it passed 
over a perforated plate for de-watering. I'he dirt settled on to 
the floor of the trough and was carried to the upper section. From 
the upper end it passed into a dirt shoot for dispo.sal. 

Flat .scrapers were at first used, but with them there was a 
tendency for dirt to be left at the sides of the trough at the edges of 
the advancing scrapers. Sonic of the dirt was therefore mixed with 
the coal carried down in the stream of water. Concave scrapers 
driven by single or double chains were therefore substituted, and, 
later, serrated or corrugated .scrapers were devised (E. Greaves, 
Trans. Inst. Min. Eng., 1906-07, 33, 138). By the u.se of tliesc modi- 
fied scrapers, a better stirring-up of the settled dirt was effected, thus 
reducing the danger of excessive loss of coal with the tefuse. In 
this way, and with the re-washing of the settled dirt, the efficiency 
of the Elliott trough washer was higher than that of the earlier 
simple trough washers. Moreover, in order further to improve the 
efficiency, Elliott trough washers were designed to treat different 
sizes of coal, the raw coal being divided into a number of fractions 
by means of a rotating cylindrical sieve. ' Eacji sized fraction was 
treated ih a separate appliance, for which the scraper mechanism 
and water flow could be individually adjusted. In one instance 
coal was divided into three fractions, namely, ^ to | in., to J in., 
and over f^in. size. For the larger sizes of nuts the scrapers were 
•fixed at intervals at 4 to 5 ft., and were 2| in. high ; for the smaller 
sizes of coal the scrapers were 2 in. high and were set 2 to 3 ft. 
apa^-t. The speed of the chain scrapers was varied by differential 
head stocks. A trough dealing with the smallest sizes of coal could 
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treat about 4 tons of coal per hour, and, with the largest size, 12 tons 
per hour could be washed. A view of a battery of Elliott trough 
washers with single-chain scrapers is given in Fig. 83 and a single 
trough with double chain scrapers of corrugated section is shown in 
Fig. 84. 

In more recent times the Elliott washer has been improved by 
the addition of a primary washer or table which enables the larger- 
sized dirt to be removed before the coal passes to the washing trough 
proper. A view of the primary washer is given in Fig. 85. The raw 
coal enters along the shoot marked “ coal and dirt ” and falls on to 
a table, whence it is carried by a stream of water from the adjacent 
'' water box," supplied by the " primary feed pipe," to a second 
tabl(‘, and thence to the washing trough proper. The heavier por- 
tions of dirt are unable to Jump the gap between the two tables and 
settle into a lower trougli, where thev are collected by a refuse 



Fig. 85. — Elliott Primary VVaslicT. 


scraper. When using this primary washer, the amount of dirt mixed 
with the coal when it is fed into the washing trough is much reduced 
and, moreover, the raw coal is thoroughly wetted. With some coals, 
the introduction of this device enabled the length of the washing 
troughs to be reduced by as much as 15 ft. 

A sectional elevation of an improved Elliott trough washery is 
given in Fig. 86. Provision is made for the introduction of coal 
directly from the wagons into the elevator pit, or by means of con- 
veyors, which are loaded by an elevator from an external bunker. 
The coal is elevated to the top of the washery and passes over a fixed 
sieve which divides it into two or three sizes, each of these sizes 
being delivered to a primary washing table where the coarser dirt 
particles are removed. The thoroughly-wetted and partially- 
purified coal then passes to a series of troughs where it i*s washed as* 
previously described. The washejd coal passes on to screen con- 
veyors where the water is removed, and the dewatered washed foal 
then passes to storage. The water passes along the ' return water 
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trough and enters a settling tank in the base of the washery. Here 
the finer particles of slurry settle and are collected in a concentrated 
form by means of a scraper conveyor working slowly along the 
bottom of the tank. The slurry (or “ schlamm '’) is elevated bythe 
conveyor, and loaded into the “ schlamm shoot for mixing with 
the washed coal, or for use elsewhere. The clear water from the 



• 

top of tBe settling tank overflows into a pump basin and is pumped 
back to the troughs for re-use. The dirt passes to the top of the 
washing troughs on to a conveyor for conveyance to bunkers. 

In the improved Elliott washer the troughs may be 27 in. wide 
•at the bottom and 39 in. wide at the top, a double-chain scraper 
being used for this size of trough, which has a capacity of 10 to 
12 J;ons per hour. A single-chain scraper is used where the width 
of the trough is 18 in. at the bottom and 30 in. at the top ; such a 
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trough has a capacity of 6 to 8 tons per hour. The scrapers arc 
spaced 3, 4 or 6 ft. apart and have a depth of 2 to 3 in., the rate of 
travel being from 14 to 22 ft. per minute according to the size of 
coal washed. Previous sizing of the coal before washing is an 
accepted practice with this washer, the sizes adopted being generally 
2 to i| in., to I in., § to in., and to in. The dust less 
than in., is extracted and is not washed. In this practice, the 
rate of the water current and the Speed of the scrapers may be 
adjusted to suit the .size of the coal .washed. The Elliott trough 
washer has therefore been made automatic in action, and a more 
efficient washing may be effected with its use than with the simple 
troughs previously described. 

Elliott trough washers have been erected to deal with as much 
as 100 tons of coal per hour in a series of troughs, the power required 
for this output being 90 h.p. The power requirements for single 
troughs is said to be 2 h.p. for the smaller trough and 2^ to 3 h.p. 
for the larger trough. The water requirements arc high, amounting 
to 250 to 320 gallons per minute, or 1,600 to 2,000 gallons per ton 
of coal. The water is re-used after settling the slurry. 

At Wirral, Cheshire {Trans. Inst. Min. Eng., 1896, it, 55), an 
Elliott washer, of the type first described, washed 10 to ii tons of 


Tauli: 68. — Washing Results with Elliott Trough 
Washers (1894-95) 


Place. 


Ligny-le.s-Airc, France 


Betliune, France 


Rothschild-Gutinann , 
Austria. 


Lieg(‘, Bc^lgiuin 


Size of Coal, 
in. 


to 





0 to /•,. 

1 r. ^ 1 


li ..A 

O 2^ 


Ash per cent. 


Unwashed 

Coal. 

Washed 

Coal. 

l^cfuse. 



4-5 

557 

— 

4.9 

60 -o 

- - 

3-9 

5«-4 

— 

4*1 

457 

— 

3-3 

60-3 


1*5 

71-2 

12-4 

6-1 

<>37 

( — 

6-6 

5<>7 

( — 

7*5 

7I-I 

I — 


57 -‘* 

( 

7 -I- 

687 . 

! — 

4*3 

6i-6 

1 — 

3-9 

62*7 

— 

6*2 

67.4 

• 

1 
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coal, of size less than i in., per hour. The ash in the coal was 
reduced from 25 to 4*20 per cent., in one example, the rejected 
refuse containing 6875 per cent, of ash. The cost of washing was 

stated to be 0-875^. per ton. Another 

i Elliott washer at New Consolidated 

Charlotte Pit, Silesia {Oest. Zeit. fur 
Berg~, Hiitten-, u. Salinenwesen, 1897, 
45* 233), had a capacity of about 6 tons 
of coal per hour, the coal being less than 
0*275 in. size. The ash content was 
reduced from 15 per cent, to 5 or 6 per 
cent., whilst the dirt removed contained 
^ 50 to 60 per cent, of ash. The water 

^ • consumption v\as 175 gallons per minute, 

I or 1,750 gallons per ton of coal washed. 

•j Further washing results with the early 

form of Elliott trough washer are recorded 
J in Table 68. 

Comparison of the percentage of a.sh 
M in the various sizes of dirt for each type 
shows that (although the cleanness 
C of the washed coal is satisfactory) the 
^ chief difficulty of washing coal in troughs, 
^ that is, loss of coal in the refuse, was 
^ not overcome in the earlier form of 
^ ^ Elliott trough washer. Since this time 
o (1894-95) considerable improvements 
^ i have been made in the design of the 
^ Elli(itt washer, but results are, unfor- 
^ ^ tunately, not available to show the effect 
of these. 

'• Since 1899, nine washeries using the 

I improved type of Elliott trough washer 
have been erected, with a total hourly 
capacity of 331 tons of coal, or an aver- 
age hourly capacity of 36*8 tons. 


L / imV j| The Blackett Washer. -One of the 

most ingenious of mechanically-operated 
trough washers 'is t^e Blackett washer, 
i-i patented by Blackett and Palmer in 

Ifl 1^95- II is illustrated diagrammatically 

in Fig. 87. Fig. 88 is a view of a 
^ Blackett washery using six units. 

• The Blackett washer consists essentially of a cylindrical steel 
drum, or barrel, fitted with an internal worm or spiral which has a 
pitch of 18 in. and a depth of 2 to 3 in. The barrel is inclined at an 

angle equivalent to a slope of i in 8^ to i in 12, and is supported on 
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rollers. The barrel is rotated by a friction drive from a pair of 
rollers at a speed of 10 to 12 r.p.m. 

Coal is admitted at a point 8 ft. from the upper end by means of a 
shoot, and a supply of water carries the coal into the barrel. A 
further supply of water is admitted at the upper end of the barrel. 
The lighter particles of coal are carried by the stream of water over 
the projecting portions of the worm, which act as dams and arrest 
the heavier dirt particles. The washed coal is carried from the 
lower end of the barrel to a drainage screen. The dirt arrested by 
the worm is carried up above the water stream by the rotation of 
the barrel until the influence of gravity causes it to slide down 
again into the stream. The travel of the worm guides the dirt 
towards the upper end of the barrel, and in time it is discharged into 
a dirt shoot. The cons^tant sliding along the projecting worm 
agitates the settled dirt and enables a recovery of most of the coal 
carried with it. , 

At Houghton Main Colliery, Yorkshire, considerable attention 
has been paid to the working of a Blackett washer, and the design 
has been greatly .simplified. We are indebted to Mr. J. Brass for 
permission to publish some of the results of this work. It has been 
found possible to reduce the length of the barrel of the slack wa.sher 
from 28 ft. 6 in. to 13 ft. 6 in., whilst retaining the original diameter 
of 4 ft. The inclination has been reduced to 1 in 17. The pitch 
of the spiral is the same as in the original washer, and the depth has 
been made 3 in. at the lower (washed-coal delivery) end, tapering 
to 2 in. at the upper (dirt-delivery) end. The capacity of one unit 
has been raised from 12-15 tons per hour to approximately 18 tons 
per hour, so that the five units used wash a total of 90 tons of slack 
per hour. * 

At Houghton Main, a portion of the scroll (spiral) has been 
removed from the fines washer where the coal drops from the feed 
shoot. As a result the bed is not disturbed by the removal of dirt 
by the spiral in this zone, and the material moves gently up and 
down tha barrel and is stratified by the turbulent motion of the 
water. The lower layer of dirt is then pushed towaids the upper 
end of the barrel by the dirt advancing from the lower section, until 
it is caught by the spiral in the upper section and carried away. 
This modification allows a preliminary stratification of the coal 
and dirt particles before they enter the washing section proper. 
This preliminary s{:ratification allows the capacity of the barrel 
to be increased. 

In washing fine coal (o to | in.) in a Blackett washer, the results 
recorded in Table 69 were obtained. 

When washing coal down to 675 per cent, of ash,^the amount 
of free coal in the dirt rarely amounted to more than 2 per cent. • 

The fines washers deal with 90, tons of coal per hour, and require 
50 h.p. , with a further 30 h.p. for the water pump. The water reqjiire- 
ments are 600 gallons per minute or 2,000 gallons per ton of coal. 



.238 THE CLEANING OF COAL 


Table 69. — Washing Results for Small Coal in a 
Blackett Washer 



Unwashed 
Coal, 
per cent. 

1 

Washed Coal, 
per cent. 

Refuse. • 
per cent. 

Ash ..... 

15-60 

675 

i 

• 83-50 

Sulphur .... 

1-53 

1-30 

— 

NaCl. .... 

o-5<)8 

0-150 

!_ 


Each Blackett washer for nut-size coal (| to in.) at Houghton 
Main Colliery has a length of 18 ft., a diameter of 4 ft., with an 
inclination of about i in 10. The spiral has a pitch of 18 in. and a 
uniform depth of 2 in. Each barrel rotates at a speed of 12 r.p.rn. 
and has a capacity of ^15 tons per hour. 'J'he four units p^ed have, 
therefore, a total capacity of ho tons per hour, and require 45 h.p., 
with a further 35 h.p. for the water pump. The water circulation 
is 800 gallons per minute or 3,200 gallons per ton of coal. 

With these washers the ash content of the nuts is reduced from 
about 12 per cent, to 2*7 per cent, in the size I to I in., and 4*7 per 
cent, in the J to in. size, the loss of coal in tlie dirt being of a 
similar order to that in the fines washer. 

It may be noted that the water requirements are abnormally 
high, but this is partly on account of the large percentage of salt 
in the raw coal. To reduce sufficiently the salt content of the coal, 
which is required for by-product coke manufacture, it is necessary 
to run to waste some 300 gallons of water per minute from the fines 
• washer. 'I'hese conditions are abnormal and due regard should be 
paid to them in considering the results recorded. 

According to experience at Houghton Main Colliery, where the 
total capacity of the washery is 160 to 170 tons per hour, the suc- 
cessful operation of a Blackett washer depends upon the maintenance 
of a regular and correctly-proportioned supply of water, and an 
inclination of the barrel determined by experiment. 

L. F. H. Booth {Trans, Inst. Min. Eng., 1926-27, 73, 107) 
records the results of washing nut coal at Deaf Hill Colliery, Co. 
Durham. Six Blackett washers, 30 ft. long, each treat a total of 
6 tons per hour, this total being governed to a certain extent by 
the proportion of large and small nuts j^reseih in the raw coal. 
The coal cleaned is from the Hutton, Harvey and Busty seams, the 
last-named seam being much dirtier than the others, and is treated 
separately, the other two seams being mixed together. Fig. 89 is a 
flow sheet showing the lay-out of tlie plant, and Fig. 88 a stereoscopic 
photograph ‘of the same plant. The tubs of coal from the shaft 
gravitate to a creeper, which discjiarges them over a weighbridge, 
and thence to the tipplers. One tippler is for shale (“ stone , which 
is delivered on to a conveyor running outside and parallel to the 
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screening plant, and thence to a hopper. The two coal tipplers 
deliver on to shoots connected with two primary jigging screens, 
which deliver the coal over 3 in. size on to two picking belts, where 
the* large dirt is removed. The through 3 in. coal is also passed in a 
separate stream on to the picking belts, which are used as conveyors 
for this size. The dirt removed by hand-picking passes down 
shoots which .deliver through a cross conveyor to the shale (“ stone *') 
conveyor. The hand-picked (over 3 in.) coal is then removed by 
further jigging screens directly into wagons. The under-size from 



the two screens passes to two cross conveyors, and thence by two 
elevators to two rotary screens. The two streams of coal are 
graded into four sizes, of which the smallest, the duff, is by-passed 
and sold separately. ^ The graded trebles, nuts and peas, for each of 
the two streams of coal, pass to separate washers. 

The inclination of the barrels is i in 10-7 for the trebles, i in 9*6 
for the doubles, and i in 8-5 for the singles. All the barrels are 
rotated at ii r.p.m. Dog clutches are fitted to each baiVel to allow* 
any one to be stopped or starterj independently of the rest. A 
length of 4 ft. 9 in. at the delivery end of each barrel is made of 
perforated plate of I in, mesh, with an. internal spiral to guide 'the 
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nut coal to the hoppers at the end, whilst allowing fines, produced 
by breakage, to pass with the water through the perforations. 
The fines so produced pass to a silt well and are removed by a 
chain-driven scraper-conveyor into wagons. The results of washing 
are recorded in Table 70. 


Table 70. — Washing Results, Blackett Washery 
AT Deaf Hill Colliery 



1 

‘ i 


Capacity, 

Per cent. Ash in 
Coal. 

Per cent. Coal * 
in l^efuse. 

Seams. 

1 

Description. | 

! 

Size. 

in. • 

Clean Coal 
per hr. 

1 

tons. 

Pefor^ 

Washing. 

After 

Washing. 

Free 

Coal. 

.After Crush- 
ing through 
4 111. Mesh. 

Harvey 

j Treblt's 

• 

2 to 3 

, 6 

2-68 

T-45 

Nil. 

. 2-75 

and 

Nuts . 

I ,, 2 

' I2| 

[ 10-82 

2-28 , 

Nil 

1-50 

Hutton 

1 Peas 

— 

! 

! 





1 Trebles 

2 to 3 

T 4 

30-07 

i 

6-72 1 

Nil 

2-24 

Busty 

Nuts . 

i I „ 2 

' 10 

12-02 

(>•65 

Nil 

*2*55 


[ Peas . 

■ 

11 

— 

— i 





L 

1 _ __ 

i__ 



_ 





* Floats at 1*40 S.G. 


The figures fur peas are, unfortunately, not given. It is not 
often that the cost of washing w’ould be faced for a coal containing 
only 2*7 per cent, of ash in th^ raw coal, although i*2 per cent, of 
dirt is removed. The cleaning of the Harvey and Hutton nuts is 
good, but insufficient evidence is given to judge the efficiency of 
cleaning the Busty coal. The loss of free coal is nil — a surprising 
result ; it would have been interesting to have figures for the 
floatings in S.G. i-6 for the refuse in all cases. 

The power used to drive the six barrels, for a total capacity of 
66 tons of coal per hour, was 50 h.p. The water pumps absorbed 
85 h.p. The total power consumption, including 25 h.p. for the 
feed elevator, was therefore 160 h.p. or 2-6 h.p. per ton. The 
power required for the whole surface plant was : — 


C H.p. 

Tipplers and jigging screens . . . -36 

Dirt conveyors . . . . . *25 

Coal conveyors and jigging screens . . .60 

Cross conveyors . . . . . *25 

Elevators ....... 25 

Barrels ........ 50 

Pumps ........ 85 

Aerial ropeway . . . . . .20 
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The total power was used for a daily quantity of 1,235 tons in 
seventeen hpurs. The " bests '' coal, over 3 in., amounted to 
328 tons, leaving 907 tons, from which 295 tons of duff, through 
^ in., was removed. The 3 to ^ in. coal then amounted to 612 tons 
or 36 tons per hour. The products produced were : — 


Tons. 

Washed trebles . . . . .90 

Washed nuts 218 

Washed pe^is . . . . • . . . i8s 

Silt 31 

Dirt (14*37 per cent.) 88 

Total ....... 612 


The cofcts of producing these fractions, ineluding the bests ” 
and duff, were : — 

Fence per ton. 

Power ....... 2*34 

Wages ....... 4-63 

All other charges ..... 3*30 


Total ....... 10*27 


Tlu; labour charges were for nineteen men per shift for the 
screening plant, washery and auxiliary plant. N 4 ne men worked 
in the washery. 

The Murton Washer. -Another ingenious mechanically- 
operated trough washer was the Murton, invented by Wood and 
Burnett, and erected at Murton Colliery, Co. Durham (W. O. 
Wood, Trans. Inst. Min. Eng., 1894-95, 9, 42). Whilst in other 
mechanical/y-operated trough washers attempts were made to 
stir the settled refuse, and to obtain continuous working by carrying 
the settled refuse to the upper end of the trough by travelling 
scrapers (as in the Longrigg and Elliott washers), or by the action 
of a worm in a rotating cylinder (as in the Blackett washer), the 
Murton continuous washer embodied a novel idea in moving the 
trough itself. The trough consisted of an endless articulated steel 
belt * composed of “ trays,'’ each 3 ft, long, jointed together and 
made watertight by a suitable arrangement of the joints. The 
trough was made to revolve slowly round drum heads at the upper 
and lower ends of the washing .section, as shown in Figs* 90. The ^ 
trough was, in effect, 60 ft. long, the width was 3 ft., and the sides 
were 8 in. high, the inclination being i in 18. Dams 2 in. high were 

• Compare with Bruntoii's belt, introduced over 50 years previously. 
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fixed at intervals of 3 ft., so that each dam was a part of a joint 
between two “ trays.” The trough moved upwards at a rate of 
8 to 10 ft. per minute. Coal was admitted to the trough in a stream 



of water i^t a point about 15 ft. from the upper end. A second 
water supply was admitted at the extreme' upper end. The washed 
coal was carried over the lower ^nd of the washing section on to a 
drainage sieve with in, perforations, over which it passed into 
the boot of an elevator. The washing water was run into one of 
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four settling tanks, and the water was re-used. The slurry was 
removed from the settling tanks by means of a creeper. The refuse 
settled in the water stream and was arrested by the travelling dams 
add carried to the upper end of the trough above the point of 
admission of the raw coal. Here it was re-washed before passing 
into a refuse hopper. 

In the washery at Murton 40 tons of coal were washed per hour 
in two troughs, the coal being less than f in. size. The washed coal 
was said to contain 371 per cent, of ash in one example, but the 
unwashed coal only contained about 9-3 per cent, of ash. In another 
sample, the raw coal contained 16 to 17 per cent, of dirt and the 
amount of coal lost in the refuse was said to be not more than i per 
cent. The power required for the two troughs at Murton was only 

h.p. The water used was 450 gallons per minute or 625 gallons 
per ton of coal washed. A Murton coal washer was in operation 
also at Glyncastle, South Wales, in 1896, and another example at 
Nunnery Colliery, Sheffield, dealt with 22 tons of slack per hour. 

The earlier forms of trough washer had the advantage of 
simplicity, an advantage, however, which may only be real when the 
quality of the labour available is poor. In such an event, however, 
the capital difficulty of trough washing, namely, the loss of coal 
with the refuse, is likely to be emphasised. In modern times the 
loss of such large quantities of coal would alone render the use of a 
simple trough washer impossible. Moreover, the throughput of a 
simple trough (say, 10 tons of coal per hour) would be insufficient 
for all processes except for beehive coke manufacture, which is still 
carried out on a limited scale in districts where the higher value 
obtainable for beehive coke compeftsates for the loss of the by- 
products and the low output obtained per oven per day. For such 
plants the low capacity of ordinary trough washers is no real dis- 
advantage, but the probable high losses of coal in the refuse would 
in many cases make it commercially practicable to adopt one of the 
more efficient types of trough washer, for example, the Elliott or the 
Blackett. 

In many other processes where only a low throughput of coal is 
required, the adoption of one of the more efficient types of trough 
washers might prove to be more economical than the installation of 
a jig washer. In small instllaations, where the cost of labour is a 
very important fact(tr, the automatic discharge of the washed coal 
and the refuse from the Elliott and Blackett washers reduces the 
amount of attention necessary, whilst, in this respect, minimising 
the effect of the human factor on the uniformity of the washing 
results. In an up-to-date plant where an Elliott or Blacktett washer , 
is installed, the water may be re-used after settling in suitable 
tanks, so that the water requirements need not necessarily compare 
unfavourably with those of jig washers, as they did in older forms*of 
simple trough washers. Moreover, the small power requirements 



‘244 THE CLEANING OF COAL 

render the cost of washing low, and the simplicity of construction, 
the low initial cost and the small number of working parts help to 
make the cost of repairs a small item. The advantage of other 
types of washer, such as the Baum and Rheolaveur, is probably 
more appreciable in large installations washing more than, say, 
50 tons of coal per hour, though the Elliott and Blackett washers 
Can be used for large outputs. 



CHAPTER XIV 


THE RHEOLAVEU;^ WASHER 
General Prineiples 

The elementary theory of the Rheolaveur washer has been 
discussed by the late Lambert Lecocq {Fuel, 1923, 2, 255). From 
a consideration of the force applied to a particle by a current of 
water flowing over a hosizontal plane, artd the frictional resistance 
between coal and shale particles and the plane, he deduced a 
formula -for the calculation of the ratio oi the sizes of particles 
which can just be separated. The formula may be expressed : — 

using our standard notation. Taking the coefficient of friction for 
coal (/xj) as 0*4 and for shale (fXg) concluded that the ratio 

^1/^2 = 6-5. 

This elementary treatment is incomplete, as it takes no account 
of the variety of factors that are introduced in practice. In a 
Rheolaveur washer, the plane is not horizontal but is inclined, the 
particles do not move from rest but are given an initial velocity in 
the trough, and the coal particles are seldom, if ever, in contact with 
the bottom of the trough. A general description of the theory of 
coal washing in troughs, including the effects of irregularities of tlie 
water current, of the shape and size of the particles and the influence 
of friction was given in Chapter XII, and it is sufficient here to 
describe the differences in principle between a Rheolaveur washer 
and an ordinary trough washer. The differences are twofold ; the 
first difference is in the metliod of arranging the particles in the 
form of a stratified bed, and the second in the method of removing 
the dirt. 

In a simple trough washer, the coal and dirt particles are gradually 
stratified in the same way that the ebbing and flowing tide segregates 
the particles on a jDcbbly beach. The particles do not move very 
rapidly relative to the sides and floor of the trough, but* there is a 
tendency for some of them to lag behind and to sink to the bottom 
of the bed, whilst others arc accelerated and become concentrated 
in the upper layers. , 

In a Rheolaveur washer, the particles are fed into an initial 
steeply-inclined portion of the trough, in which all of them soon 
acquire a relatively high velocity. Whilst they are moving# with 
relatively high velocities, they are rapidly able to stratify, and the 

245 . • 



.246 THE CLEANING OF COAL 

stratification is more distinct than in the majority of simple trough 
washers. There are two reasons for this. Firstly the reaction 
between the particles and the surface of the trough is reduced. 
The reaction is measured by w sin a, where iv is the weight of, a 
given particle and a is the inclination of the trough. With a high 
value for a, the reaction is considerably reduced and, because the 
pressure of the particles on the plane is reduced, the bed is less 
compact and movement of individual particles in it is easier. 
Secondly, because of their high velocity, the particles have a 
considerable kinetic energy. *The kinetic energy varies as the square 
of the velocity, and if the velocity of a given dirt particle is twice 
that of a corresponding particle in a simple trough washer, its 
kinetic energy, which enables it to displace a coal particle from the 
lower layers, is four tiipes as great. The greater energy on a 
steeply-inclined slope, operating in a bed v^hich offers less resistance 
to movement, enables a rapid and accurate stratification to be 
induced. 

In operation, it is found to be very advantageous that the length 
of the steeply-inclined portion of the trough of a Kheolaveur washer 
be greater than a certain minimum, so that when the particles reach 
the later and less steeply-inclined portion the stratification is 
complete. When the stratified mixture reaches the less steeply- 
inclined portion, and the speed of the water current decreases, the 
heaviest particles, forming the lowest layer, are deposited. The 
deposition is brought about in the same way that solid particles in 
suspension in a river are deposited at bends, or in estuaries where 
the speed of the river is reduced. Deposition is, however, facilitated, 
for not only is there less tendency for the current to bear the particles 
forward, but the reduced inclination causes a greater pressure of the 
particles on the surface of the trough, and there is therefore a 
greater frictional resistance to their motion. 

In a subsequent portion of the trough the next layer of dirt is 
deposited, and, the inclination of the trough being further reduced, 
there is a progressive deposition of particles throughout t^ie length, 
so that, in succeeding portions of the trough, the deposit consists of 
large heavy particles, then smaller particles of dirt and large particles 
of middlings, and subsequently the small particles of middlings. 

The difference in the method of producing stratification may 
therefore be looked upon as being that, in a Rheolaveur washer, the 
particles are initially more or less in suspension in the current, 
whereas in a simple trough wa.sher a bed of particles is supported on 
the plane, and the water current moves among and around the 
particles. In a simple trough the separation of the layers is brought 
about by the coal being accelerated, leaving the dirt relatively 
stationary ; * in a Rheolaveur, all the particles move rapidly and 
then, whilst the coal continues ^to move, the dirt is definitely 
retarded. 

In the majority of trough washers, difficulty is experienced by 
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reason of the mechanical entanglement of coal particles in the layers 
of dirt. A particle so trapped has fewer opportunities to be released 
than with the Rheolaveur system, because the motion of the 
particles is slower, the bed is more compact, and separation of the 
layers is attempted before the stratification is complete. In a 
Rheolaveur the stratification is completed (as nearly as is practicably 
possible) before any separation of the layers is attempted. The 
more perfect stratification also enables coals containing relatively 
large amounts of middlings particles to be washed with ease. 

The second essential difference between the Rheolaveur washer 
and a simple trough washer is the method of removing the layer of 
dirt from the trough. In place of the mechanical means used in the 
Elliott, Murton or Blackett washers, the dirt is allowed to fall 
through apertures in the floor of the trough into special receptacles. 
It can be understood 
that, if the dirt fell 
through an unpro- 
tected opening, a con- 
siderable quantity of 
water would also pass 
out from the trough. 

The loss of water 
would not only 
interfere with the 
stratification of the 
particles in the upper 
layers, but coal 
particles would also 
be .sucked out by 
the eddy currents 
formed at the open- 
ings. Water is therefore 
passing upwards through the aperture to replace the dirt evacuated 
from the trough, and the remainder passing downwards with the 
displaced refuse. The water current passing upwards from the 
receptacle into the trough not only replaces the dirt removed, but 
provides an upward current at the aperture which prevents coal 
particles from falling and being discharged with the refuse. It was 
this upward current which suggested the distinctive name of Rheo- 
laveur (== current wgsher) for the refuse receptacles and by which 
the whole process has been named. * 

The action of the rheolaveurs, or rheo-boxes, may be understood 
from Fig. 91. The box consists of a cast-iron chamber in the shape 
of an inverted pyramid, 'riie uppermost portion forms part of the 
bottom of the trough, A, and the apex, P, is provided with an* 
aperture for the removal of the refuse. The box is divided by a 
partition, so that the water from the pipe, t, and the cock, R, passes 
partly downwards through the aperture at P, and partly from the 



supplied to the receptacles, some of it 
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compartment, b. to the compartment, a, and through the slot, t, 
into the trough. 

This particular form of rheo-box is only used for washing the 
smaller sizes of coal, less than about \ in. in size. With larger cx)al 
the aperture at P would require to be very large, a 3 or 4-in. aperture 
being required to discharge 2-in. particles of dirt. With such a 
large aperture, the amount of water passing away with the refuse 
would be excessive, and a modified form (sealed type), which will 
be described later, is employed. The aperture at P is closed by an 
orifice plate attached to the frame in such a manner that any one of 
several openings, each with a different diameter, can be used. 

There are three standard types of Kheolaveur washer for washing 



respectively nuts, fines and slurry, .and the Kheolaveur is, at present, 
the only washer able to clean efficiently any size of coal from 4 in. 
to o. Nuts are easier to clean than fines, and fines arc easier to clean 
than slurry. Moreover, a smaller number of troughs and rheo-boxes 
are required to deal with a given output of large coal than for the 
same output of small coal. 

Before describing the historical develdpmejit of the Kheolaveur 
washer' it is desirable to indicate briefly the general scheme of 
washing adopted in Kheolaveur washers. The earliest units built 
were fines washers, but an outline of the general scheme adopted in 
a nut-coaj washer will first be given, because the nut-coal washer 
is simpler and easier to understand. 

Frequently, for a capacity 0/ 80 tons per hour of nut coal from 
4 in. to § in., one trough only is required, and this is fitted with only 
two rheo-boxes. The shale and heavy middlings are extracted at 
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the first box, and the remainder of the middlings, together with a 
small amount of coal, is removed at the second box. The discharge 
from the second box is returned to the head of the trough for re- 
wtLshing. With the majority of coals it is usually profitable to 
recover some of the middlings (up to a specific gravity of i-6, or even 
1-8) with the clean coal, and unless the amount of middlings is 
unusually small, the discharge from the first box is transferred to a 
second trough to remove the middlings particles. These recovered 
middlings are then returned to the njain trough, though they are 
frequently crushed before being so returned to separate the coal 
included in the interstratified middlings particles. 

The flow-sheet in a Rheolaveur nut-coal washer may be repre- 
sented as in Fig. 92, A being for a coal almost free from middlings, 
and B for a coal with a large middlings frarction. 

According to these flow-sheets all the middlings particles are 
returned, to the main trough, and although^ a certain quantity of 
middlings is advertently allowed to collect in the trough, the 
accumulation does not proceed indefinitely, the lighter passing 
eventually into the clean coal and the dirtier and heavier into the 
refuse. 

The middlings accumulated in the main trough enable a more 
accurate stratification of the coal and dirt to be accomplished. With 
a relatively thick layer of intermediate particles, it is easy for all the 
heavy dirt to be concentrated in the lower layers, and all the light 
coal in the upper layers. Although both coal and dirt may be 
present in the intermediate layer, there will be no dirt particles in 
the uppermost layers, and no coal particles in the lowest. An inter- 
mediate layer of assorted particles is present in all trough washers, 
as previously explained, but, in the Rheolaveur, a thick layer is 
intentionally built up to act as a protective barrier.*'. In the 
earlier Rheolaveur washers, it was found to be relatively easy to 
ensure the complete removal of coal from the shale, but until the 
system of recirculating the middlings was introduced, it was often 
difficult to ensure an adequate removal of the dirt from the coal. 
Theoretical grounds for the relative absence of coal from the refuse, 
namely, the gradual deposition of the lowest layers of dirt, have 
already been given, and it is because the deposition is only gradual 
that it is difficult to remove the final few dirt particles from the coal. 
Towards the end ©f the trough the bed of material is thinner than 
at the beginning aitd, if the trough is “ ten particles wide^" it is not 
easy to remove one particle without removing some of the other 
nine. For this reason some coal is permitted to fall through the 
final aperture, and is returned to the system, but its amount is 
minimised by interposing a barrier of middlings between the layer 
of pure " coal and the aperture. * 

In order to understand the lay-out of a Rheolaveur washery, it is 
essential to appreciate the importance of the system of re-circulating 
middlings, the system being known as’washing in a closed cycle. It 
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was introduced, in the first place, in order to overcome the difficulty 
of removing the last particles of dirt from the clean coal, but it has 
become the most essential feature of the Rheolaveur process because 
it enables all irregularities, such as a stoppage of the raw coal supply, 
or a lack of uniformity in the nature or size of the raw coal, to be 
overcome. In the event of a stoppage, it is only necessary to shut 
off the refuse-discharge ports and all the coal in the washer is circu- 
lated until the feed is restored. 

As has been stated, the fines washer is more complicated than the 
nuts washer. To ensure proper cleaning of the raw coal, three or 
four troughs must be used, each with a number of rheo-boxes. In 
the main trough, all the dirt and middlings are removed from the 



Fig. 93. — Flow Sheet ; Rheolaveur Fine Coal Washer. 

coal, and clean coal is discharged from the end of the trough. If a 
very clean product is required, the quantity discharged from the 
end of the first trough may contain only two-thirds of the raw coal 
fed to the head of the trough. The material removed through the 
rheo-boxes in the first trough (which may, in certain circumstances, 
consist of as much as half of the raw coal), is rgwashed in troughs 
placed vertically below the first. The discharge from the first few 
rheo-boxfes in the main trough is almost entirely composed of dirt, 
which is still further concentrated by rewashing in the dirt rewash 
trough. The material recovered, that is to say, the coal and 
middlings particles passing forward to the end of the dirt rewash 
tirough, is returned to the main trough. The material discharged from 
the last rheo-boxes in the main troiigh consists almost entirely of coal 
and .middlings. This is concentrated in a middlings rewash trough, 
so that only coal, together wkh any desired proportion of the lighter 
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middlings, is discharged from the end of this trough. The material 
evacuated from the rheo-boxes in this rewash trough can be further 
concentrated in the dirt rewash trough. 

^ simplified flow-sheet of a Rheolaveur fine-coal washery is 
shown in Fig. 93. It will be seen that the process is essentially one 
of gradual concentration. The raw coal is first split into two main 
fractions, one containing the bulk of the dirt, and the other the bulk 
of the coal. Each fraction is concentrated so that the refuse contains 
a minimum amount of useful material, and the clean coal the 
minimum amount of useless material, and, meanwhile, a third fraction 
is made consisting of some coal and some dirt, but principally of 
middlings. This fraction is returned to the main trough, where it 
helps to build up the protective barrier,” and allows the coal and 

dirt contained in it a further opportunity fgr classification. 

• 

THE HISTORICAL DEVELOPMENT OF THE 
RHEOLAVEUR WASHER 

• 

A principle somewhat similar to that employed in the Rheolaveur 
washer was applied in the Bangert washer introduced in 1882. It is 
illustrated in Fig. 94. In a trough, a, there was an opening, ft, whose 



Fig. 94. — The Bangert Washer. 

size could be controlled by means of a stopper and handle. The 
opening was connected with a compartment filled with i^rater from 
a pipe, c. The raw coal entered tl\e trough, and the lighter coal 
particles were carried past the opening, 6, into the spitzkasten,^ d, 
whilst the heavier dirt particles settled to the bottom of the trough 
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and passed through the opening, into the lower compartment. 
A water current passed upwards through the opening, b, to prevent 
the passage of light coal particles into the dirt compartment. The 
dirt settled in the compartment and was removed through a bottom 
door. The partly-washed coal settled in the spitzkasten, d, for 
further cleaning in a jig washer. 

The Bangert classifier was used in the Aix-la-Chapelle district, 
but its possibilities were not .fully appreciated, so that it only served 
as a preliminary cleaning unit for a jig washer. It remained for a 
Belgian engineer — ^Antoine* France — some thirty years later, to 
develop the idea of using openings in the bottom of a trough to 
remove dirt continuously, whilst employing an upward current of 
water to preserve the stratification and prevent loss of coal with 
the dirt. 

This development took place at tlie St. Nicholas pit of the 
Societe des Charbonnages de TEsperance et Bonne Fortune, near 
Liege, Belgium, a year or two before the Great War began. At this 
pit the coal contained a large proportion of intergrown coal and shale 
with ash contents varying from 15 to 60 per cent. This made the 
coal difficult to wash. The results of washing this coal in Coppee 
jigs with a capacity of about 60 tons per hour, was, however, con- 
sidered to be satisfactory until the introduction of coal cutters in 
the pits enabled a greater coal output to be obtained, and dirtier 
seams were exploited. The increased coal output could not be 
washed efficiently with the existing jig washers. The regulation 
and control of the jig plungers became increasingly troublesome, 
and a considerable quantity of coal was lost in the refuse. With a 
view to avoiding the cost of larger buildings and additional coal- 
washing plant, some experirqents were carried out with a trough 
washer {strom-apparat) which was available at the colliery. From 
these experiments the Rheolaveur wasiier was developed, and 
proved to be so successful that it was made the sole means of coal 
washing. 


Table 71. — Composition of Coal at St Nicholas Pit 

(Belgium) 


Size. 





Per cent. 

Ash 



bv'WeiKht. 

per cent. 

•Mm. 

In. 

• 


0 to 0-G 

0 to 

14*5 

22*0 

0-6 „ 8 

■/it- i 

41-0 

22*5 

8 ,, 20 


1 i8-2 

26-9 

20 „ 35 

T .. • 

13-6 

32-0 

35 „ 60 


127 

31-0 
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The coal at the St. Nicholas pit (according to Ford, Trans, Inst. 
Min. Eng., 1913-14, 46, 423) had the composition recorded in Table 71. 
About 30 per cent, of the coal consisted of middlings. 

*The raw coal, through 60 mm. mesh, was divided into four 
fractions, namely, 60 to 35 mm., 35 to 20 mm., 20 to 8 mm., and 
8 to o mm. At first only the two smallest-sized fractions were washed 
in Rheolaveiir washers, the two larger sizes being treated in jig 
washers. The washed fines were not employed for coking purposes, 
so that it was found to be most economical to sell the smallest size 
with an ash content of 10 per cent., and the second size with an ash 
content of 8 per cent. A middlings fraction was also collected for 
boiler firing or other purposes, and the refuse was used for hydraulic 
stowage of the goaf in the mines. 

The fine coal of o to ^ mm. (o to passed from the 

screens into a trough about 30 ft. long, in which there were eight 
openings s^t at intervals of about i metre (3J ft.), through which to 
remove the refuse. At each opening, an apparatus (rheo-box) was 
fitted to &.II0W an upward current of water to be admitted to prevent 
loss of coal with the dirt which passed through the openings. 

The trough of the washer at St. Nicholas pit was 20 in. (500 mm.) 
wide and 12 in. (300 mm.) deep, with an average inclination of 
about I in 28. The dirt from the first three Rheolaveurs was dis- 
carded, and that from the remaining five was rewashed in a second 
trough of gentler inclination (i in 115), set below the first. This 


Table 72. — Washing Resuits of Fir.st Rheolaveur 
Washer (Coal o to -y';. in.) 


No. of 
Rlieo-box. 


Ash per cent, j 
ill Product. ( 


Remarks. 


In first trough 


/I 

2 

3 

r 

() 

7 

/ 1 


In second trough . . {3 

1^ 

Washed Coal from — 

First trough . 

Second trough 


70*3 ) 

60*9 r 

6o-i i 
43*1 ] 
4o-t) 


33*3 r 
31*2 
27 T) ' 
69-0 ] 
67-1 [ 
( 33*0 ) 
44-2 

31*2 i 


H-5 

II-2 


Final dirt. 


Middlings for 
rewashing. 


j Final dirt. 

Final middlings. 
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trough was of smaller dimensions, being lo in. (250 mm.) in depth 
and width. It was fitted with five rheo-boxes. The first three of 
these discharged the final dirt and the remaining two the middlings. 
The washed coal passing from the end of both troughs was mixed 
and passed to a settling tank, whence it was elevated to a drainage 
hopper. The composition of the product removed from each rheo- 
box is recorded in Table 72. The figures recorded are average results 
of a series of experiments extending over a period of six days. 

The second coal fraction, of to f in. (8 to 20 mm.) size, was 
admitted to a trough 10 in. (250 mm.) wide and 14 in. (360 mm.) 
deep, with an inclination of about i in 12. There were only two 
rheo-boxes fitted to this trough, the first discharging final dirt and 
the second discharging into a lower trough for rewashing. The lower 
trough was of similar dimensions and inclination to the upper trough, 
and was fitted also with two rheo-boxes, the first discharging final 
dirt, and the second middlings. The washed coal from the two 
troughs was mixed, drained on a belt conveyor, and loaded into a 
hopper. The results obtained in a six-days' trial are recorded in 
Table 73. 


Table 73. — Washing Results with First Rheolaveur 
Washer (Coal to J in.) 


In first trough 


In second trough 

Washed coal from — 
First trough . 
Second trough 


Number of 
Rhco-box. 



\sh per cent, 
in Product. 

Remarks. 

71-86 

Final dirt. 

34-90 

Middlings for re- 


washing. 

68-83 

Final dirt. 

31-87 

Final middlings. 

7-3 


10-2 



The results obtained with this experimental Rheolaveur washer 
were an improvement on those obtained previously with jig washers, 
since the average ash content of the refuse from the two Rheolaveurs 
was 67 per cent., compared with 60 per cent, ii^the refuse from the 
jigs. MdVeover, the output had been increased by 15 per cent, and 
the control of the plant greatly simplified. 

The satisfactory results obtained with the new type of washer 
led to the iijstallation of a second plant for the Societe des Mines de 
Lens, at Pont a Vendin, France, to treat 40 tons of coal of o to J in. 
(o to 6 mm.) size, in one unit, and 40 tons of coal of J to | in. (6 to 
10 mm.) size in another. The general arrangement of the troughs 
and Rheolaveurs for the larger size of coal is shown in Fig. 95. In 
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rheo-boxes. the first two of which 
ischarged ^nal dirt, and the third discharged a mixed product to a 
ower trough for rewashing. The lower trough was fitted with two 
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L uiia oi i^neoiavcur Washer {1913). 

idiwf' ?lf /‘Charge final dirt and the second the final 

con^ved to^J hnn? »"«ed and 

Table 7^. results of washing are recorded in 


Table 74.— Washing Results at Pont a Vendin 
_ (Coal i to f m.) 


No. of 
Rheo-box. 


Ash per cent, 
jn Product. 


Remarks. 


I (a) . 

I (*) • 

1 (c) . 

2 

3 

4 

5 

Washed coal from — 
First trough 
Second trough 


8 o-i 2'| 

79-28 ( 

69- 48 

74-Q2| 

48-30 

70- 93 
55-33 

4-70 

8-50 


Final dirt. 

Middlings for rewashine. 
Final dirt. 

Final middlings. 


One of the earliest forms of rheo-box used is illustrated in 
"ig. 96 , the plan shows that, in this example, there were four slits 

-d of dirt. The slits were li in 

& and extended across the full width of the trough’ 

w.or„ohe“hrc'‘“ 

through (.D. 1 he lower plates, with the smallest apertures couW* 
WahT’”® “S *° •''' ““.of flio discharge Mrl In lase of 

away until the stoppage was cleared ^ 
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A current of water from an overhead tank entiered the rheo-box 
at two inlets, shown by dotted lines in the section through EF. 
One inlet pipe is shown in cross-section in the other cross-sectional 


Section through AB and CD Section through eF 



Fig. 96. — Early Form of Fheo-box. 


drawing. The water stream entering the rheo-box divided into two 
jjortions, ai already explained, one passing upwards into the trough 
to replace the dirt discharged and maintain the stratification, and 
the remainder passing downwards and carrying the dirt through the 
dis^arge orifice. 
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The dislocation of trade brought about by the Great War — 
particularly .in Belgium — ^hindered much further development of the 
Rheolaveur washer until 1918. In that year an acute fuel shortage 
in France led to a special application of the Rheolaveur washer to 
treat cinders, and in one year twenty-nine plants were erected for 
that purpose. These washers were only of small capacity (5 to 
20 tons per hour), but the ‘ experience gained showed that the 
Rheolaveur washer was particularly suitable for the treatment of 
small sizes of inferior material. In 1919, nine Rheolaveur washers 
were erected, mostly in France, for the treatment of small coal up 
to I in. in size. In 1920, the successful application of the Rheolaveur 
principle to the washing of large coal led to the construction of 
washers to treat all sizes up to 2 or 3 in., and in that year thirteen 
washers were erected — ^mostly of this type — in France, Belgium, 
Great Britain and Spain. The first Rheolaveur washer erected in 
England was at the Ormonde Colliery of the, Butterley Company, 
Nottinghamshire. It was of 100 tons per hour capacity for coal of 
o to 3 im size. In this year (1920) the Rheolaveur washer may be 
considered to have firmly established itself as a simple and efficient 
means for washing large quantities of nut or fine coal, for in the 
succeeding year (1921), twenty-three washers were erected with an 
average capacity of 74*6 tons per hour. The development of this 
washer in the years since the conclusion of the Great War may be 
judged from Table 75, in which the numbers and capacities of 
washers built since 1919 are recorded. 

In 1924, the Rheolaveur washer was introduced into America, 
and twelve plants have been erected, chiefly for anthracite washing. 
The total capacity of these twelve plants is 3,045 tons per hour, or an 
average of over 250 tons per hour. ^ 


Table 75. — Number and Capacity of Rheolaveur 
Washers erected since 1919 


• 

Year. 

No. of Coal 
Washers. 

Average 
Capacity, 
Tons per 
Hour. 

No. of 
Breeze and 
Slurry 
Washers. 

Average 
Capacity, 
Tons per 
Hour. 

Total Capacity 
of all Washers, 
Tons per Hour. 

1919 

8 

35-0 

I* 

10*0 

290 

1920 

4 

75-4 

2 * 

10*0 

850 

1921 

21 

8i-o 

0* 

7*5 

1.715 

1922 

22 

86-4 

— 

— 

1,900 

1923 

24 

112*9 

— 

— 

2,715 

1924 

17 

92*0 

7 

II-4 

' 1.550 

1925 

21 

122*2 

12 


• 2,705 

1926 

II 

148*6 

19 

15*0 

1,921 

1927 

16 

1500 

8 

9*4 

2.275 

• 


* Breeze Washe/s. 
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The numbers of Rheolaveur washers built in different countries 
are recorded in Table 76. In this table the total figures since 1913 
are given, and the cinder washers (thirty-five) and slurry washers 
(forty-eight) are recorded separately to give due significance to the 
average hourly capacity of the coal washers. 


Table 76. — Statistics qf Rheolaveur Washers Built 
IN Different Countries since 1913 




Coal Washers. 

Slurry and Cinder 

Washers. 

Country. 


Total 

Average 


Total 

Average 


No. of 

Hourly 

Hourly 

No. of 

Hourly 

Hourly 


Plants. 

« 

Capacity 

(Tons). 

Capacity 

(Tons). 

^Plants. 

Capacity 

(Tons). 

Capacity 

(Tons). 

France . 

52 

5.055 

97*2 

43 

.S4« 

• 7-9 

Belgium 

47 

3.655 

77-8 

20 

281 

14-0 

U.S.A. . 

12 

3.035 

252-9 

2 

25 

12*5 

Gt. Britain 

17 

1.295 

76-2 

I 

15 

15-0 

Germany 

6 

870 

145-0 

— 

— 

— 

Sane 

9 

730 

8i-i 

12 

II3 

! 9*4 

Silesia . 

3 

725 

241-7 


— 

— 

Spain 

7 

385 

550 

— 

— 

— 

Other countries 

13 

1.035 

79-6 

5 

58 

II-6 

Totals 

166 

16,785 

lOI-I 

83 

832 

10*0 


In 1924, M. France applied the Rheolaveur washer to clean 
slurry. So successful was the experiment that over forty slurry 
washers have been erected on the Continent in the last four years. 
The first slurry plant in England has recently been erected for the 
Yorkshire Coking and Chemical C'ompany, Castleford, Yorks., and is 
giving consistently good results. 

In the earliest practice with the Rheolaveur washer the coal was 
screened before washing, and a number of troughs were used to treat 
the different sizes of raw coal. In recent times, however, it has been 
found that better results are obtained if the raw coal is washed 
without sizing, and the present practice i^i to ^wash coal from 4 in. 
to o in ‘a nut-coal washer, the fine coal below | in. being usually 
removed from the washed coal and rewashed in a fines washer. 

When the raw coal was sized before washing it was carried to the 
top of thf^ washery by an elevator and discharged on to jigging 
screens. The coal was divided into, say, four fractions, each of 
which was stored in a separate hopper. Typical fractions (at 
Ownonde Colliery, for example) were as follows : o to in. ; to 
I in. : I to in. ; if to 3f in. The two smaller sizes w^re treated 
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in separate units, and the two larger ones alternately in a third 
washer. 

The modern practice would be to pass all the coal into a single 
treugh with the sealed type of rheo-box. The discharges from the 
trough would consist of washed coal, in which the sizes below f in* 
would be passed to a separate washer, and refuse, containing all the 
dirt from 3i.in. to | in. and the greater part of the dirt below | in. 
If the washer were of small capacity,* it might not be necessary to 
rewash the smallest sizes of the clean coal, but if the washery had a 
capacity of 150 tons per hour or more, the small coal would be 
rewashed, and it would be advantageous also to include a slurry 
washer. 


THE RHEOLAyEUR FINE-COAL WASHER 

A particular feature of the Rheolaveur washer is its adaptability. 
The number of troughs, and the number of rheo-boxes in each 
trough can be varied to meet differing conditions. The exact 
arrangement of a Rheolaveur washer depends entirely upon the 
nature of the coal, principally upon the relative proportions of coal, 
middlings and dirt, and the distribution of these ingredients in 
different sizes. Nevertheless, the lay-out is standardised in that, 



for the majority of coals, there are four troughs in the fine-coal 
washer. This arrangement is shown in Fig. 97. 

The course of the various ingredients of the raw coal mav be 
followed in Fig. 97. The upper trough may be referred to as the first 
trough, and the lo\jjer ones as the second, third, and fourth respec- 
tively. The function of the first trough is to remove all the dirt and 
middlings particles so that only clean coal reaches the end of the 
trough. The second trough receives the bulk of th^ lighter mid- 
dlings particles as well as the coal discharged by the rheo-J;)oxes of the 
upper trough. The products discharged from the ends of the firsf 
and second troughs comprise the washed coal. In the third trough 
the heaviest dirt and heaviest middlings from the first trough, land 
the lighter middlings from the second •trough, are treated, and the 
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product delivered at the end of the third trough is composed almost 
entirely of middlings. The object of the fourth trough is essentially 
the removal of residual middlings particles from the dirt. 

The process may therefore be looked upon as divided into two 
operations. The first operation, in the first and second troughs, is 
to remove all the useless material and deliver a clean coal of the 
desired quality. In this operation some of the coal passes through 
the discharge boxes to the lower troughs. The second operation, in 
the third and fourth troughs, is to concentrate the dirt. Care is 
taken that the only material discharged from the system in these 
two troughs is dirt, free as far as possible from recoverable coal 
particles. The first operation may therefore be looked upon as a 
purification of the coal, and the second as a purification of the dirt ; 
any material not discharged, either as cjean coal or as refuse, is 
returned to the first trough by the rewash elevator, where it helps to 



form the protective barrier between the " pure ” coal and " pure 
dirt. 

The majority of Rheolaveur fines washers in use, however, are of 
the older three-trough type. In this older type, the scheme of 
washing is the same, consisting firstly of the purification of the coal, 
and secondly of the purification of the dirt The path of the 
particles is, however, rather different because of the absence of a 
fourth trough. In a three-trough washer, as illustrated in Fig. 98, 
the upper trough is about 60 ft. long and is fitted with twelve rheo- 
boxes, the first four of which only are connected to the overhead 
water-tank by a pipeline. In the second trojigh there are nine 
rheo-bo5^es, of which only the first is connected to the overhead pipe 
system. In the third trough, nine rheo-boxes are fitted, all of which 
are connected to the water-supply system. 

In the ijpper trough, the inclination in the section where the raw 
•coal enters is steeper than in the main length of the trough in order 
to induce an accurate classification of the raw coal. The first 
section of the trough is made of rectangular cross-section (Fig. 99) 
to ensure conditions as uniform as possible over the whole length of 
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the trough. In the succeeding sections of the trough the inclina- 
tion is reduced ; most of the heavier dirt particles are already at 
the bottom of the trough immediately at the end of the initial 
steeply-inclined portion and, further along the trough, the gentler 
inclination allows the lighter dirt particles to settle. The cross- 
section of the main length of the trough is trapezoidal (Fig. 100) in 
order to concentrate the heavier dirt particles and increase the 
depth of the bed of heavier particles settling on the bottom whilst 
still allowing the lighter coal particles above them an ample freedom 
of movement. With this shape of trough a greater quantity of 
material can be treated efficiently than in a trough of simple 
rectangular cross-section. As the rheo-boxes reject a portion of the 
dirt, the quantity of material to be handled in the succeeding portion 
of the trough diminishes, c^nd the width of the trough is progressively 
decreased. 

At thQ end of the first section of the upper trough, the heavier 
dirt has settled to the bottom and is rejected through rheo-boxes i, 
2 and 3* directly to the third trough (Fig. 98). The classification 



Fig. 99. — Cross-section of First 
Portion of Upper Trough. 
Rheolaveur Fine-Coal Washer. 



tion of Upper Trough. Rheolaveur 
Fine-Coal Washer. 


which is made in the remaining length of the trough is such that 
lighter dirj: particles of decreasing ash content gradually settle to the 
bottom and are rejected through rheo-boxes 4 to 12. To ensure 
that no dirt passes away with the clean coal from the end of the first 
trough, it is arranged that the last two boxes, ii and 12, reject a 
certain amount of coal together with all the dirt remaining in the 
trough. The rejected material from rheo-boxes 4 to 12 passes into 
the second trough, where it is rewashed. Only the first of the nine 
rheo-boxes fitted To 1 ;his second trough is connected to the 6verhead 
water tank, and consequently some of the lighter material from the 
upper layers of the trough is rejected, and only a relatively small 
amount of material, consisting almost entirely of co^l and the 
lightest middlings, reaches the end of the trough. The remainder,® 
which contains a high proportion pf middlings, and frequently also 
some coal, is rejected, through rheo-boxes 13 to 21, and passes kito 
the third trough. The clean coal which reaches the end of the second 
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trough joins the material removed from the first trough and passes 
to the washed-coal sump. 

The third trough receives the material rejected from the second 
trough, and also the heavy particles from the first three boxes 
(i to 3) in the first trough. All the rheo-boxes in the third trough 
are connected to the overhead water tank, and the particles rejected 
comprise the refuse. In order to prevent rejection of lighter 
middlings particles with the infuse, it is arranged that a portion of 
the material from the third trough passes from the end to a re- 
wash '' sump. This material is collected by a rewash elevator 
(or by the raw coal elevator) and passes down a shoot to the upper 
end of the first trough, and is again subjected to the whole washing 
process. 

The washed coal is collected from the^ump by the washed-coal 
elevator and is elevated to a scraper conveyor for loading into the 
hoppers. The dirt i^ also elevated from its sump to hqppers for 
disposal. The water from the washed coal, rewash and dirt sumps 
overflows into a series of settling tanks shaped like spifzkasten. 
The heavier particles of the slurry settle in these settling tanks and 
are continuously removed through cocks at the bottom, to be 
rewashed, or mixed directly with the washed coal or the refuse 
according to circumstances. In a complete Rheolaveur plant they 
are rewashed in a slurry washer. The clear water from the top of 
the settling tanks is pumped to the overhead tank for re-use. 

The efficiency of washing fine coal in this apparatus may be 
illustrated by means of analyses we have made of the products from 
a " three-trough Rheolaveur washer, which are recorded in 
Table 77. 


Table 77. — Washing Results of a Three-Trough 
Rheolaveur Fines Washicr 



1 

Unwashed Coal. 

Washed Coal. 




1 



- 

» 1 

Per cent. 

Size 


Dirt. 


Dirt. 

of 

(in.) 

Per 



Per 



Dirt 


cent. 



cent. 

i i 

1 

Removed 


of 

Per cent. 

Per cent. 

of 

Per cent. 

i Per cent. 



Size. 

of Size. 

on Total. 

Size. 

of Size. 

1 on Total. 

i 

i 

A to A 

50 

28*0 

14*0 

I 

53 

07^ ' 

■ 0*4 

1 

1 970 

1 1 

TU 46 

32 

34-1 

10*9 

31 

0*93 

0*6 

1 95-5 

^5 >• ® 

18 

31*1 

5-6 ; 

14 

7*15 

i-o 

82-0 

1 

, Total . 

lf)0 

— 

305 ’ 

1 

100 

i 

— 

2-0 

j _ 

1 


.The efficiency of separation of dirt from the coal above ^ in. is 
very good, especially for th& sizes above ^ in. The removal of dirt 
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from the material’ below ^ in. is also good, and much more satis- 
factory th^n can be obtained in the majority of washers unless 
designed for slurry washing. 

• Float-and-sink'tests were also carried out on a number of " snap " 
samples of the washed coal and the refuse to test the uniformity of 
working. The results of these tests are recorded in Table 78. 


Table 78. — Float-and-Sink T£sts on Washed Coal 
AND Refuse 


Test No. 

I. 

2. 

3- 

4- 

5 . 

1 

6. 

Aver- 

age. 

Average 
(No. I 
Test Ex- 
cepted). 

Time. 

Per cent free coal 

12-30 

p.m. 

• 

2.0 

p.m. 

930 

a.m. 

I.O 

p.m. 

2.30 

p.m. 

4-0 

p.m. 

— 

— 

in refuse . 

Per cent, free dirt 

2-7 

3-0 

30 

1-5 

47 

1-7 

276 

278 

in washed coal . 

8-4 

0-5 

2*6 

1*3 

1-8 

1-8 

2*56 

1*48 


The material recorded as “ free coal in the refuse ** (floating in 
S.G. 1*48) always contained a large percentage of dust, which, 
expressed as a percentage of the refuse, amounted on the average to 
1*04 per cent. This dust was accumulated from the washing water. 
Excluding this coal dust, the average amount of free coal lost in the 
refuse would be 1-74 per cent. In No. i test, the amount of free dirt 
(sinkings in S.G. 1-48) passing away with the washed coal was 
abnormal, possibly owing to the teijiporary blockage of a discharge 
orifice of one of the rheo-boxes. When this abnormal figure is 
excluded from the average, the amount of dirt passing away with 
the coal is very low. 

Further tests were made to examine the refuse from the various 
rheo-box«s of the third trough. In this example of a “ three- 
trough " fines washer there were only six Rheolaveurs in the third 
trough, and the analyses were made of the combined rejects from 
succeeding pairs of rheo-boxes. The results of the tests are recorded 
in Table 79. 


Table 79. — Examination of Refuse from Final 
^ • Rheo-boxes 


No. of rheo-boxes (final trough) 

I and 2 

3 and, 4 

5 and 6 

Per cent, free coal in refuse 

1-8 

1*3 , 

i '9 

Refuse, 

[ over in. . 

70 

67 

51 

per cent. 

] rV to in. • 

22 

25 

39 

of size. 

( thro’ tV »n. . 

8 

• 

8 

10 

• 
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These figures show how the largest size of dirt tends to settle in 
the first section of the trough, whilst the smaller-sized material 
settles in succeeding sections. 

The four-trough " fines washer illustrated fti Fig. 97 may he 
considered to be similar to the one described (Fig. 98) so far as the 
first three troughs are concerned. In the “ three-trough " washer 
the rejected material from the third trough passes directly to waste ; 
in the four-trough ” washen, however, the material rejected from 
only the first four rheo-boxes of the third trough passes directly to 
waste, and the reject from the remaining eight rheo-boxes passes 
from a collecting trough to a fourth washing trough. This is fitted 
with seven rheo-boxes, the first two of which reject material for re- 
washing, and the remaining five reject final dirt. The material 



Fig, ioi. — Various Forms of Rheo-box Fine-Coal Washer. 


which passes from the end of the fourth trough passes to the rewash 
sump. 

The addition of a fourth trough makes the washing process 
almost mechanical and therefore allows for the variation in control 
due to the personal element, and ensures a general high efficiency. 
In many washeries good, results are recorded during periods when 
the washing process is under careful supervision, but in the absence 
of a close control, the efficiency of washing may be considerably 
reduced. Thus, although the three-trough '' fines washer, under 
careful supervision, gives very good results, as already shown, the 
addition of a fourth trough enables slightly better results to be 
obtained with less careful control. 

The rheo-boxes used in both types of fines waShci are, in principle, 
the same as is shown diagrammatically in Fig. 96. They may, 
however, be fitted with one or two openings for the discharge of 
material from the trough. Such boxes are described as being of the 
^single or ddbble discharge type, according to the number of discharge 
openings provided. Double-discharge rheo-boxes are used in a 
four-trough '' fines washer at* the upper ends of the first two 
troughs, where the amount, of discharged material is the greatest. 


the:, rheolaveur washer 
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Single-discharge rheo-boxes are fitted elsewhere. The different types 
of rheo-box:es used are illustrated in Fig. loi in sectional elevation. 
These different types of rheo-boxes will be readily understood from 
these diagrams by comparison with Figs. 91 and 96. The orifice plate 
of the modern rheo-box is fan-shaped with a suitable extension for 
use as a handle. In the wide portion of the plate there are several 
holes, any one of which may be placed under the discharge orifice of 
the rheo-box proper. The holes in each plate have different dia- 
meters to control the amount of material discharged by each rheo- 
box. In the trough, the bed of dirt becomes thinner and the specific 
gravity of the dirt becomes less the greater is the distance from the 
head of the trough. At each rheo-box, therefore, a different condi- 
tion exists and a suitable aperture in the plate can be used at the 
bottom of each rheo-box to give a discharge appropriate to the 
conditions at that point.* If necessary also, the discharge can be 
suppressed. If the hole in the orifice plate should be blocked by an 
aggregation of dirt particles, the blockage may be readily removed 
by adjusting the orifice plate so that a fresh hole is in communication 
with the rheo-box. 

The troughs are usually made of mild steel, concrete or concrete- 
lined steel sections. In Belgium, where cheap glazed tiles are 
available, these are used for the lining of the trough ; when using 
these tiles the inclination of the troughs is reduced because of the 
lower coefficient of friction of coal and dirt on a glazed tile surface. 

Remarkably good results are achieved in the American Rheo- 
laveur fine-coal washer installed in 1926 for the American Smelting 
and Refining Co., at Cokedale, Colorado. The screen analysis of 
the raw coal is shown in Table 80, and the results of float-and-sink 
analysis in Table 81. The washer is of the four-trough type. 

Table 80. — Screen Analysis, Cokedale Coal ’ 


^ Size. 

Weight 
per cent. 

Ash 

per cent. 

>Ain. . 

0-2 

28-8 

A in- to i „ 

2-6 

i6-5 

4 » >. J ). 

23-2 

17-0 

^ ,, to 14 mesh . 

30-4 

i6-5 

I4mesh»,*48 „ . 

28-1 

i 6 -o . 

48 „ 100 „ . 

77 

19-7 

100 ,, ,, 200 „ . 

3-9 

21-5 

< 200 mesh 

3-9 

22-6 

• 


This coal is evidently difficult to wash ; not only does it contain 
about 16 per cent, of size less than 48^mesh (Tyler standard, afiout 
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Table 8i. — Float-and-Sink Analysis, Cokedale Coal 


S.G. 

Weight 
per cent. 

Ash 

per cent. 

< 1*32 .... 

47‘5 

6-0 

1-32 to 1-36 

25-0 

id-2 

1-36 „ 1-48 

8-.5 

20-5 

1-48 1-6 . • . 

7-5 

34-0 

>1-6 

11-5 

6i-5 


^ in.), but in order to obtain a yield of 70 to 80 per cent, it is neces- 
sary to recover material up to 20 per cent, of ash, and the washed 
coal must contain about 10 per cent, of ash. The washery was 
erected with a guarantee to yield 78 per cent, of clean coal with an 
ash content of io*8 per cent., the refuse containing 48 per cent, of 
ash. In operation during six months, it gave an average yield of 
80 per cent, with an ash content of I0'5, the refuse containing 47*8 
per cent, of ash (Walle and Woody, Min. Cong. Jnl., 1927, 
197)- 

One of the most interesting results, however, is the degree of 
washing of the small sizes. The average ash contents of different 
sizes of the raw coal, washed coal and refuse in 8 tests are given in 
Table 82. 


Table 82. — Average Ash Contents, Cokedale Coal 


-9- 


Total. 


Above ^ in. 


to A in. 


Raw coal 
Washed coal . 
Refuse . 


i8-5 
10-5 
49- 1 


i8-2 

9-4 

49-5 


i8-2 

10-6 

4fi-5 


Below ^ in. 


19*8 
I . I7-I 
! 47-4 


These results indicate that the washer was able to wash satis- 
factorily coal from to in. The coal below in. was not 
appreciably cleaned, but the refuse of this size contained almost as 
much ash as that from the largest sizes, indicitiTig that, although 
the coal through in. was only slightly improved in quality, no 
loss of coal was sustained. 

That the washed coal contained 10 per cent, of ash, and the refuse 
^nly 49 pef cent, of ash is no reflection on the washer, because this 
is what it was set to do, and it is doubtful if any washer could have 
improved upon the results. * 
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THE RHEOLAVEUR NUTXOAL WASHER 

The Rheolaveur nut-coal washer is of very simple construction, 
anfl may, indeed, consist merely of a single trough 30 to 40 ft. in 
length, fitted with only two rheo-boxes, the first rejecting final dirt 
and the second the remaining dirt with a proportion of lighter 
material for rewashing. An elevation of a nut-coal washer is given 
in Fig. 102. It will be observed that, as in the fines washer, the 
inclination of the first portion of the washing trough is steeper than 
the succeeding length. The more steeply-inclined portion may be 
16 to 20 ft. long, and serves to give the raw coal an initial velocity 
and to produce a fairly accurate stratification. The succeeding 
length of the trough may be only of the same length as the first 
steeply-inclined section, (or the classification of coal and dirt is 
easier, the larger the size of material treated. One feature of a nut- 



coal washing trough is that it requires about the same ground space 
as a picking belt, and may indeed be conceived to act as a mechanical 
picking belt, operating more efficiently than is possible with human 
labour. 

The rheo-boxcs employed for nut-coal washing are different in 
construction from the simple type shown diagrammatically in Fig. 91 
and used for fines washers. As has been explained, a discharge 
orifice large enough to allow free removal of the dirt from nut coal 
would also allo\^ 5 ccssive quantities of water to pass through it. 
Arrangements are therefore made for an intermittent dirt removal. 
These arrangements are illustrated in Figs. 103 and 104. 

Instead of the “ open type ” discharge box used in the fines 
washer, the nut-coal rheo-box is a closed box mechanically operated* 
The particles discharged pass into^the boot of an elevator, as shown 
in Figs. 102 and 105, and the elevator itself is enclosed and fiUed 
with water to about the same level as ^^e trough. 
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Instead of a slit in the floor of the trough, as in the fines washer, 
the trough is connected by a larger opening to a chamber* A (Figs. 103 
and 104). The chamber. A, is formed by the inclined grate, 6, to 

which a flap, c, is hinged 
at, d, and by the plate, e. 
The width of the aperture 
is adjusted by altering the 
position of e by the lever,/. 
The discharge of shale is 
permitted intermittently 
by the operation of the 
flap, c, which is alternately 
opened and closed by a 
connecting rod from an 
Vccentric. The flap-valve, 
c\ is attached to a weighted 
attached to a second lever. 
Water is admitted to the 



Fig. 103. — Sectional Elevation of Rheo-box 
used in Nut-Coal Washer. 


lever which is actuated by a chain 
This lever is driven by the eccentric, 
underside of the chamber, A, by one or more cocks. 

To control the working of the nut-coal washer, adjustment is 



Fig. 104. — Rheo-box in Nut-coal Washer showing the Mechanism for the 
Intermittent Discharge. . 

made of the upward water currents and of the operation of the flap 
;valves. these means loss of coal in the refuse rejected by the 
first rheo-box is obviated. The only mechanically moving part of 
the nut-coal washer is the eccentric mechanism to govern the open- 
ing^and closing of the flap v^^^ves. 
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It has already been stated that, if the raw coal contains much 
middlings, it is advisable to use a second trough to rewash the shale 
and middlings. These troughs may be arranged one under the 



Fig. 105. — Connection between Rheolaveur^Trough.’and|Elevator. 


other, or side by side, according to the nature of the site available ; 
usually they are placed on the same level. It is possible to arrange 
the discharge from the rheo-boxes so that either three or four 



Figs. 106 and 107.— Two methods of combining Rheolaveur Troughs for 
•• Rewashing. • 

elevators are used. One system is illustrated diagrammatically in 
Fig. 106 ; in this system the raw coal enters the first trough, A, 
and a mixture of shale and middlings is removed fronf the sealeci 
rheolaveur (i) into an elevator which discharges it at the head of 
trough B. The second sealed rheo-box of trough A, extracts the 
remaining middlings together with a, small quantity of coal to 
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ensure that only clean coal passes from the end of this trou|[h. By 
means of an elevator, the mixture extracted from the second rheo- 
box of trough A, is returned to the beginning of the same trough for 
rewashing. The products finally discharged from the first trough 
are washed coal and a mixture of shale and middlings. This mixture 
is rewashed in trough B. The first Rheolaveur (3) of this trough 
discharges final shale, and the second Rheolaveur (4). discharges a 
mixed product for rewashing-in the same trough. The products of 
this trough are therefore final dirt and a middlings product. This 
method of washing involves the use of four elevators with the 
washer. 

Fig. 107 illustrates diagrammatically another arrangement of 
two troughs which only involves the use of three elevators. The 
general arrangement is similar to that s];iown in Fig. 106 with the 
exception that the rcwash material from both troughs (that is, the 



Fig. 108. — Method of Washing and Rewa.shing in One Trough. Rheolaveur 
Nut-Coal Washer. 


discharged material from rheo-boxes 2 and 4) pass to a common 
elevator and are rewashed together in trough A. 

The method of using two troughs may be considered as effecting, 
primarily, a separation of the raw coal into two tractions, one con- 
taining most of the coal and the other most of the dirt. The 
subsequent washing of these two fractions is simplified, and the 
process becomes almost mechanical in operation. For this reason 
the method is recommended even when dealing with an easily washed 
coal, for it provides a factor of safety against all the contingencies 
which may reduce the general efficiency of washing. Moreover, 
it enables the middlings to be mixed with the washed coal, to be 
crushed and rewashed, or to be made into a separate product. 

An arrangement which fulfils much the sam? pTirpose as the two- 
trough nut-coal washer is illustrated in Fig. 108. In this, the single 
trough is extended behind the position of entry of the raw coal and 
the dirt and middlings removed at rheo-box No. i are returned to 
,the trouglf above the point of entry of the raw coal. 

This arrangement does not allow of the same amount of regulation 
as the two-trough washer, and for the majority of purposes the two- 
trough unit is preferable. 
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It has been mentioned that the Rheolaveur is adaptable to suit 
different circumstances, especially in the disposition of the troughs. 
For this reason it is more suitable for erection in an existing building 
or ftt a colliery whose surface plant has already been planned than 
are many other types of washer, and it is interesting to record that 
many of the plants on the Continent have been erected to replace 
existing washers. Several conversions have also been made in 
England. '^Usually, the Rheolaveur can be fitted into the jigwashery 
building, and in one case, at the Charbonnages de Bray, at Binche, 
in Belgium, a Rheolaveur washer with a capacity of 200 tons per 
hour was erected in the building housing a Baum jig washer of 
smaller hourly capacity. The erection was completed without inter- 
rupting the working of the jig washer, and, on changing over, washing 
was interrupted for only half an hour. • 

The nut coal washery erected by the Rheolaveur Washery Com- 
pany for the Barnsley Main Colliery Co., LtcJ., serves to illustrate 
the adapAbility of the washer, for none of the standard designs 
could be moused in the space available. 

The design had to be suitable for the raw coal to be delivered 
to the washer from one end of the picking tables and for the washed 
coal to be returned to the other end of the picking tables. The 
refuse had to be discharged at a convenient position for collection 
with the dirt from hand-picking the lumps, and these requirements 
limited the length of the building. The inclination of the raw coal 
conveyor imposed limitations as to height, and the width was 
strictly limited by the proximity of the London and North-Eastern 
Railway passenger line. 

The coal supplied to the washer was between and | in. in size 
and contained about 22 per cent, (jf middlings of S.G. 1-4 to i-8. 
These middlings \yere collected separately, crushed and rewashed 

The lay-out of the plant is shown in Fig. 109. The raw coal from 
the screening plant is delivered by a belt conveyor to the storage 
hopper, A, whence it is admitted through an adjustable door, B, 
into the main washing trough, D. A second door, C, is fitted to the 
hopper but is not used. 7 'he cleanest coal passes along the trough 
to the lip, E ; the bulk of the water accompanying it drains through 
the perforated base into the settling tank, F, and the coal passes 
into the circular double-barrelled screen, G. It is there sized into 
treble nuts (3^ to if in.), “ double-single or D.S. nuts (if to 
f in.), and smalls (below | in.). The two nut fractions can be loaded 
separately into tVSfons by the shoots, H, or can be mixed on the 
conveyor belt, J, and returned to the main screening and loading 
plant. The coal less than f in., in size falls into the sej:tling tank, F, 
and is removed by a mild ^teel worm conveyor, I, to the foot of an 
elevator, W. It is delivered by the elevator to a jigging screen, Q;, 
which divides it into small nuts J[f to | in.) and slack (| in. to o). 
The small coal, during screening, is sprayed with water under Ijigh 
pressure to remove the adherent films qf dirt and to assist screening. 
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The washed small nuts and slack are stored in drainage hoppers, 
X and Y, and loaded directly into wagons. 

The shale and heavy middlings removed by the first rheo-box, 

K, are raised by the elevator, O, to the head of the shale rewashing 
trough, N. The shale is separated through the rheo-box M. The 
quantity of water admitted to the base of the rheo-box is regulated 
by the stop-cock and the box is kept full of shale. Qq|y material 
of relatively high specific gravity can succeed in working its way 
through the bed in the box and being discharged as refuse. 

The refuse is removed continuously from the base of* the rheo-box 
M, by an endless scraper conveyor, P, which travels along a totally 
enclosed duct. The floor of the conveyor is inclined upwards on 
each side away from the base of the rheo-box (as shown in the sec- 
tional elevation), to the*height necessary ^to balance the pressure of 
water applied at the base of the box. The upward inclination of the 
conveyor is continuecj to allow the excess of water carried forward in 
the refuse to flow backwards into the enclosed duct. Furtier drain- 
age is possible through a perforated section in the floor or the con- 
veyor, near to its uppermost point. 

The material passing forward along the shale rewashing trough 
is delivered to the crusher, S, and falls into the head of the main 
washing trough, D. The lighter middlings not removed at the first 
rheo-box, K, in the main trough, are evacuated at the second box, 

L, and are transferred by the elevator, R, and the shoot, Z, to the 
head of the main trough for rewashing. 

The water-distributing pipes are shown in Fig. 109. The main 
supply pipe, U, runs horizontally on the top floor of the building 
and delivers to the shale extracting box, M, and the head of the shale 
rewashing trough, N. The supply to M is regulated by a cock, 
and that to N by a valve. A branch pipe, V, le^ds water from the 
overhead main to one on the lower floor to supply water to the two 
rheo-boxes, L and K, and to the head of the main trough, D. The 
water from the end of the shale rewashing trough drains through 
perforated plates in the floor of the trough into the main washing 
trough. The bulk of the water from the main trough drains, at the 
lip, E, into the settling tank, F. The excess of water from the 
small coal jigging screen, Q, also drains into the settling tank, and 
the pump re-circulates the water through the overhead tank, T. 

The make-up water is supplied by a small auxiliary pump which 
delivers water as sprays to the rotating ^nd jigging screens. The 
capacity of the water-supply tank is 1,120 gallBRs. In operation, 
the troughs and water-supply pipes contain 1,300 gallons, so that 
2,420 gallons are in circulation in all. The main water pump has a 
rated duty equivalent to 2,300 gallons per minute against a static 
c head of 40 ft. 

The rheo-boxes are all of the jingle-discharge type (see Fig. 103). 
WjLter is admitted to the boxes by one or more cocks. The box, M, 
in the shale re washing trough has only one water inlet. It is 
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narrower than the boxes, K and L, in the main trough, and the 
main trough discharge boxes require the admission of water at two 
points to ensure the proper and even spread of water across the 
width. 

The total power provision is 135 h.p. made up as follows : 

h.p. 


^<aw coal conveyor ... . .10 

Washed coal mixing conveyor ... 10 

Main water circulating pump * . . .40 

Auxiliary pump for sprays • • • 5 

Main driving motor .... 50 
Small coal installation motor ... 20 


Total • 135 


The pi?mp motors and raw coal and washed coal conveyor motors 
are direot-coupled. 

The main driving motor supplies power for the rotating screen, G 
(Fig. 109), the jigging screen, Q, the rewash elevator, R, the shale, 
and middlings elevator, O, the shale scraper conveyor, P, the crusher, 
S, and the flap valves eccentric. The small coal installation motor 
drives the worm conveyor, I, and the elevator, W. 

For a washer with a capacity of 75 tons per hour, the power pro- 
vision of 135 h.p. is not high, although the washery contains several 
items that would not normally be necessary in a nut-coal washery, 
viz., the crusher (20 h.p.), the small coal jigging screen (6 h.p.), and 
the mixing conveyor (10 h.p.). The height to which the shale and 
middlings must be elevated for re’^ashing is excessive, and was 
necessitated only by the height above the ground of the existing 
refuse bunker {viie sectional elevation, Fig. 109). Without these 
extra items the horse-power would be reduced by 40 h.p. 

The second floor of the washery is illustrated in Fig. no, which 
shows the main washing trough and the rewash elevator, elevating 
the discharge from the second rheo-box in the main trough back to 
the head of the trough. Attached to the trough, in the right fore- 
ground of the photograph, may be seen the mechanism operating the 
opening and closing of the flap-valves in the rheo-boxes and the 
double water supply to the underside of the boxes in the main 
trough. 

The results of hashing are given in Table 83, thesef results 
referring to samples which we collected over four shifts. 

These results give rise to satisfaction on two accounts. Firstly, 
in every case, the ash content of the refuse is high, indicating a high 
yield of recoverable coal. Secondly, the washed coal fractions and i 
the refuse are of reasonably uniform ash content from shift to Shift 
suggesting that the washer can te relied upon to give regular 
washing. 
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Table 83.--Results of Washing 



Shift A. 
Ash p,c. 

Shift B, 
Ash p.c. 

Shift C. 
Ash p.c. 

Shift D. 
Ash p^. 

Raw coal, 3^ to 0 in. . 


_ 

i6*8 

19-1 

Washed coal, 3J to f in. 

8-4 

8*0 

7'8 >>.- 

8*8 

»» »» f »» 0 ,, 

' 10*3 

ii-i 

12-6 

11*9 

Refuse, 3 J to 0 in. 

72-9 

69*4 

76-3 

72-4 


The irregularity of the feed during one shift, both as regards 
ash content and size distribution, is shown in Table 84, which gives 
particulars of hourly Samples of the uaw coal collected during 
shift C, each sample consisting of about i cwt. 


Table 84. — Analysis of Hourly Samples of Raw, Coal 


Time . 

6.30 

1 7-20 

8.10 

f ■ 

I 9 ’I 5 

10.15 

1 

! II.I 5 

12.15 

' 

1 115 

— 

In. 



Percentages. 




Mean, 

to If 

29*2 

3 t '7 

37-5 

47-5 

42-1 

317 

' 377 

467 

38’6 

If „ I . 

36-6 

35-4 

36-1 

297 

27-0 

33’9 

35-0 

26-1 

32-5 

I „ I . 

207 

12-6 

17*4 

15*1 i 

i 8'5 

lb-9 

14-1 

' 167 

167 

1 „ 0 . 

13-5 

15*3 


7.7 

12-4 

17-5 

13-2 

9*3 

12-2 

Ash content of 



9*0 ^ 







bulk sample 

17*5 

9*4 

20-3 

i 5'8 

1 

i8-6 

J 

12-6 

i8'8 : 

21-4 

i6'8 


The float and sink analysis of the raw coal, is given in Table 85. 


Table 85. — Float and Sink Analysis. Raw Coal 


S.G. 

3 i-ii in. 

ij-i in. 

i-| in. 

J-l in. 

H in. 

J-0 in. 

Total. 

< 1-3 • 

i8‘4 

i6-4 

6*2 

5 '<> 

1*6 

0*6 

48*2 

r -1-4. 

67 

6-5 

3-8 

1*6 

0-3 

0*2 

19*1 


4-8 

2-1 

27- 

0-5 

0*2 

0*1 

10-4 

r5-i-6 . 

I '8 

1*2 

0-6 

0*2 

0*1 

1 « 

0*1 

4-0 


5'2 

2*4 

0-3 

0*4 

0*1 

0*1 

8-5 

> 1-8. 

2-0 

3-8 

2*9 

. .1 

0*9 

0*1 

0*1 

9-8 

Total 

38-9 

32*4 

16*5 

8*6 

2*4 i 

1*2 

100*0 


, From Table 85 it is apparent'that 22-9 per cent, of the raw coal 
had a density between 1-4 ^ind i-8. Much of this material was col- 
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lected at the first rheo-box, separated from true shale in the shale 
rewashing trough and crushed prior to rewashing. The washed 
coal was found to contain about 5 per cent, more coal particles 
than was present in the whole of the raw coal, representing 15 to 
20 tons per shift of saleable coal recovered by crushing, which 
would otherwise have been lost. 

Comprehensive float and sink tests were performed on the samples 
from shifts A and C only. The results for the refuse are given in 
Tables 86 and 87. The weights of refuse submitted to the float 
and sink tests were : Shift A, 48 lb. ; shift C, 124 lb. 


Table 86. — Float and Sink Test. Refuse per cent. Shift A 


S.G. 

3 i- lif 

ij.. 


3-i 

■ i-i . LA 

tV-o 

Total. 

< 15 ♦ • 

Nil 

Nil 

Nil 

Nil 

0*02 1 0*01 

0-0 1 

0*04 

1*5 !■(:) 

Nil 

Nil 

Nil 

0-04 

0*07 0*02 

0*01 

0*14 

> 1-6 


i5-(i() 

1 ] 

i 3 - 4 () 

17-86 

43*8i ! 3*87 ' 

o-o8 1 

99*82 

Total . 1 



13*40 

T 7 *g() 

43-()() 3*90 

1 

I *00 

j 100*00 


Tabt-E 87. — Float and Sink Test — Refuse per cent. Shift C 


SG 

-ij 

ij 1 

j-j 

l-i 

i 1 



Total. 

< 15 • 

Nil 

Nil 

Nil 

- 

Nil 

Nil 

Nil 

Nil 

Nil 


Nil 

Nil 

Nil 

Nil 

0*9 

0*2 

0*1 

T-2 

> 1*6 . 

13*0 
^ 

22*0 

20*8 

•t2*0 

26*0 

4*0 

1*0 

98-8 

Total 

13-0 

i 

22*0 

20*8 

_ 1 

12*0 

26*9 

4*2 

i*i 

100*0 


These figures are noteworthy, and demonstrate in a surprising 
manner the highly efficient removal of coal from the shale in the 
rewashing trough. They are all the more satisfactory when it is 
remembered that, allowing for the crushing of middlings, the coal in 
the washer contains mixed sizes from in. to o, and that the wash- 
ing is accomplished in two troughs only. 

THE RHEOJ.AVEUR SI.URRY WASHER 

/ 

J'he Rheolaveur slurry washer is, in effect, a simplified fines 
washer. A view of the slurry washer erected for Messrs. Jhe South 
Yorkshire Coking and Chemical Co., Ltd., is shown in Fig. iii. A* 
slurry washer may consist of eithQjt’ three or four washing troughs 
about 80 ft. long but only 12 to 15 in. wide. The arrangement of the 
troughs is the same as in the normal fines washer, except that in each 




Fig. III. — Elevation of Rheolaveur Slurry Washer. 
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sufficient to cause vortex currents. The washed product is only 
taken from the first trough (instead of from the first two as in the 
fines washers) and so a greater percentage of the material is rewashed. 

•The actual rheo-boxes used in a slurry washer are therefore of 
much simpler construction, and have no central partition or water 
cocks. Below the discharge orifice a circular orifice plate is fitted 
with four holes for the final discharge of material from the rheo-box. 
The circular plate is also fitted with three loops into which a small 
bar may be inserted to rotate the orifice plate if one of its holes has 
become blocked. 

The slurry supply may be taken from the bottom of a settling 
sump, or spitzkasten, and elevated to the head of the washer, where 
it is thickened in a concentrating cone and then passed to the 
washing troughs. As usuaJ, a certain amount of material is returned 
to the head of the first trough for rewashing. 

The washed slurry is passed on to a zimmer,"' or shaking 
screen, with copper gauze covering, and dewatered. A spray of 
clean water is used at the shaking screen to remove any fine clay 
material deposited on the washed slurry from the washing water. 
This enables dewatering to be more efficient, and a product con- 
taining about 30 per cent, of water is obtained. The rejected dirt 
is added to the dirt from the fines washer. 

Andry [Proc. S, Wales Inst. Eng. 1926, 41, 567) records the 
results given in Table 88 for the working of a slurry washer in 
the Sarre coalfield during a period of eight days. 


Table 88.— Results of Washing Slurry. 



Raw Slurry. 

1 

Washid Slurry. 

Refuse. 

Size (ill.). 

Weight 

Ash 

Weight 

1 

Ash 

Weight 

Ash 


per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

> i 

0*2(> 

13*3 

0*06 

21*6 



52-1 


2-94 

13-3 

0*34 

4-5 

0*29 

47-2 

9-52 

12-8 

7-69 

3-7 

8-64 

58-0 


11*02 

23-8 

27*94 

3-9 

12*42 

59-5 

1 — i 
inj i'o 

5-i8 

25-1 

15-64 

3-7 

I 2 *II 

1 60*0 


21-56 

40*8 

34-52 

7-9 

46-76 

63-6 


43-03 

^ 64*1 

13-09 

21-4 

18-57 

. 68-1 


1-44 

62*7 

0-17 

32-6 

0-36 

67-6 


5-05 

58-9 

0-55 

36-5 

0-83 

66-1 

Total . 

100*0 

45-8 

100*0 

8-1 

1 100*0 fl 

1 63-0 

1 


m 

Of the raw slurry, 87*3 per cent, was less than in. in size, 
and for a raw material of this nature the results are satisfactory. 
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It will be observed that the washed slurry greater than ^ in. 
contains less than 4 per cent, of ash. 

'fhe slurry washer at Glasshoughton, Yorks, gave the following 
average results in October, 1927 : — 

Per cent. Ash. 

Raw slurry .... 24-0 

Washed slurry . . . . 8-i ^ 

Refuse 64*1 

On one day, the ash content of the washed material was 57 per 
cent, and of the refuse 69-8 per cent. The possibility of washing 
slurry to this low ash content is of great importance to the coking 
industry, for clean slurry can be drained far more easily than dirty 
slurry, and, in the ovens, clean slurry has little harmful effect on 
the quality of the coke produced if well admixed. 

€ 

General 

Experience with Rheolaveur washers has shown that they are 
capable of many variations in design to suit particular types of coal. 
This elasticity of design has proved to be a very valuable feature, 
although, at first sight, it might give an impression of complication. 
From the general experience gained with the use of Rheolaveur 
washers of varied design, and dealing with many different types of 
coal, some general modifications of design have become established 
practice. These general modifications, which have proved to be real 
improvements, have not yet been incorporated in many English 
plants on account of the difficulties which have affected the coal 
trade in the last few years. ^On the Continent, however, many 
plants have been erected with modified and impi;*oved design, such, 
for example, as the addition of the fourth trough to the fines washer 
and the use of a rewashing trough in the nut-coal wa.sher. 

The general control of a Rheolaveur washer is effected by 
adjusting the quantity of material rejected from the various rheo- 
boxes until a washed coal of the desired ash content is obtained. 
The washery is usually constructed so that it is possible to produce 
coal with the desired ash content when working with some of the 
rheo-boxes closed. If, subsequently, a cleaner product is required, 
the closed boxes can be put into operation. The rewashing to which 
the rejected material from the rheo-boxes in the first trough is 
subjected is sufficient to ensure that the final r(?ftise contains a high 
percentage of ash. The control of the composition of the washery 
products of a Rheolaveur washer is, therefore, an easy matter, and 
the products can readily be altered to suit market requirements. 
For example, a yield of 75 per cent, of coal containing 5*0 per cent, 
of ash could be raised to a yiel^d of, say, 80 per cent, of material 
containing 7*0 per cent, of ash if this were a readily saleable product, 
the adjustment of the washer being altered to make a separation 
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at a higher specific gravity. The Rheolaveur washer recently 
installed at .the Loomis Breaker of the Glen Alden Coal Co. (U.S.A.) 
for anthracite washing makes a separation at S.G. 1-95, the clean 
aiTthracite from to in. containing only i-2 per cent, of sinks 
at S.G. 1*95 and the refuse 17 per cent, of floats at S.G. 1.95. (The 
ash contents are respectively 77 per cent, and 80*2 per cent.) Thus 
the Rheolaveur washer is particularly suitable for a firm washing 
coal for sale. 

Proof of its adaptability is provided by the fact that the Rheo- 
laveur Washery Company give a guarantee that the ash content of 
the clean coal shall not vary by more than i per cent, on either side 
of a stated value, which value can be altered subsequent to erection. 
At the same time, the guarantee stipulates that the ash content of 
the refuse will be not morp than 2 per cent, less than the theoretical 
maximum for any given clean-coal ash-content. 

The water supply necessary with a Rheol<^veur washer is lower 
than in simple trough washers, and may only amount to 650 gallons 
per ton of coal of o to | in. size, for capacities from 60 to 150 tons per 
hour. For nut-coal washers, more water is circulated per ton of coal, 
and may amount to about 1,200 gallons per ton of coal for a capacity 
of 50 tons per hour. The average over-all water requirements of five 
typical Rheolaveur washers, dealing with coal of 0 to 2 in. or more, 
are about 1,260 gallons of water per ton of coal for capacities of 
60 to 80 tons per hour, and about 920 gallons per ton of coal for 
capacities of 125 to 150 tons of coal per hour. 

The power necessary is mainly for water circulation. There is 
a saving compared with jig washers of the power necessary to give 
pulsations in the wash boxes, but a small amount of power is 
necessary for the rewash elevators.* For eight typical Rheolaveui 
washeries with capacities varying from 50 to 150 tons of coal per 
hour, the average over-all power required was 0-95 h.p. per ton of 
coal. The power requirements are therefore low. 

Considering the Rheolaveur washer in general, it has an advantage 
compared with the plunger jig type of washer in having no mecha- 
nically moving parts in the fines washer, and only the clack valves 
of the rheo-boxes in the nut -coal washer. In this respect it resembles 
the Baum type of jig, although, unlike all jig washers, it has no 
fixed screen plates which are liable to rupture. The liability for 
repairs is therefore reduced. 

It has been stated in the past that the Rheolaveur washer, 
especially the fine^oal washer, is susceptible to irregular 'washing 
if the raw coal delivered to the washer varied in the proportions of 
coal and dirt. This was true with the earliest washers, in which 
inadequate provision was made for rewashing. In modern washers, 
the continuous circulation of a considerable proportion of particles# 
of density intermediate between .that of coal and shale, enables 
irregularities to be taken up without interfering with the efficiency 
of operation. If the proportion of dirt increases, more dirt is 
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returned to the trough for rewashing ; if a greater proportion of 
coal is supplied, more coal is evacuated by the rheo-boxes. 

In this respect the Rheolaveur has a distinct advantage over 
many other washers, for the irregularity is taken up automatically, 
and the washery man is not compelled to make adjustments to 
overcome the difficulty. 

In the event of the temporary stoppage of the raw coal supply, 
the rheo-boxes discharging final dirt are closed and all the material 
in the washer is re-circulated until normal conditions are restored. 
No other present washer possesses this highly desirable quality ; in 
all others the washer must be shut off and normal working condi- 
tions are not obtained until the expiration of five to fifteen minutes. 
In the fines washer, where there may be a number of rheo-boxes to 
close when the feed fails, it may take longer to throw the washer out 
of action than to shut off the air pressure and close the dirt slides 
in a Baum type-of jig, but this is not a serious disadvantage, because 
it is not so necessary to shut off the washer immediately the failure 
of the feed is detected. 

The Rheolaveur washer — in common with other trough washers — 
deals with thin pieces of flat shale more easily than do some washers 
using an upward water current or alternate upward and downward 
water currents. The gradual classification from trough to trough, 
and the large number of discharge orifices enable several products 
to be obtained if desired from a Rheolaveur washer, and for this 
reason it is especially suited to the treatment of coals of poor quality 
containing a large quantity of middlings. As previously pointed out, 
it can deal efficiently with all sizes of coal, and it appears to be able to 
wash slurry almost as easily as it washes fines. It is possible to obtain 
a cleaner over-all product more easily than when using any other 
type of washer as the sole means of washing,, because no other 
washer capable of dealing with nuts up to 4 in. in size is also capable 
of slurry washing. It is well known that the smallest size of coal 
(say, o to J in. size) may contribute as much to the total ash content 
of washed fines as the coal of, say, J to | in. size, which usually 
constitutes the greater part of the fines. It is by dealing efficiently 
with coal of o to J in. size (as well as with the larger sizes) that the 
Rheolaveur washer as a whole can produce a cleaner product than 
can most other types of washer. 

A further important feature of the ^Rheolaveur washer is that it 
occupies less ground space than a jig type of washer. Ample length 
is necessary, but the width required is only sntell. This has been 
proved to be such an advantage in practice that on the Continent, 
where many old types of jig washer have been in use long past their 
useful age, it has been possible to erect the various troughs necessary 
Jot a Rheblaveur washery whilst the jig washer was working. In 
such cases it is common practice to use the elevators previously 
used for the raw coal and washe*<i coal, as well as the spitzkasten, 
water supply pipes and motprs. Where, on a restricted site, an old 
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washing plant proves to be incapable of dealing with the capacity 
which may .be required in modern practice, a Rheolaveur washer to 
deal with the necessary output could be erected more readily than 
any other type of washer without involving any loss of output 
through closing down the washing plant. 



CHAPTER XV 


CONCENTRATING. TABI.ES : DEVELOPMENT 

In addition to trough wafers, which have been described in the 
two previous chapters, there are a number of other appliances for 
the separation of particles of different specific gravity which depend 
for their action upon a current of water flowing down an inclined 
plane. With the exception of trough washers, appliances dependent 
upon the phenomenon of alluviation have not been extensively 
applied to coal cleaning, though they have found a wide field of 
employment in the liindrod art of ore-dressing. Strakes, frames, 
tyes and buddies were primitive appliances of this class, and the 
modern concentrating table was evolved from them by stages. 
The first stage was the invention of the endless-belt washer, intro- 
duced in England nearly a century ago. From the endless belt 
the vanner was developed, and the concentration table was the 
outcome of the vanner. Concentrating tables differ somewhat in 
principle, however, from vanners and appliances dependent solely 
upon alluviation, becau.se of the riffling of the surface upon which 
separation is effected. This difference will be described later. 

In endeavouring to trace the development of the modern concen- 
trating table, it is necessary to deal with appliances which were 
mainly used for ore-dressing, but some examples of each class of 
appliance have been used for coal cleaning. 


ENDLESS BELTS 

Brunton’s Belt.— Brunt on’s belt, invented in England in 1844 
was the first endless-belt washer (Mining Journal. 1847, March 20th), 
and the evolution of the concentrating table may, with some justi- 
fication, be considered to have begun with it. 

Brunton’s belt consisted of an endless strip of canvas, covered 
with paint, and driven over two rollers ipounted on a wooden frame, 
one of which was placed higher than the other, so that the belt was 
inclined longitudinally. The appliance is showirtn Fig. 112. 

The upper roller was driven by gearing to make the belt travel 
upwards at a speed of about 15 ft. per minute. Mineral pulp was 
fed on to the belt at a point about one-third of its length from the 
upper rollel, and water was supplied in a stream at a point nearer 
to the roller. The light mineral matter was carried down the belt 
by the current of water, but the heavier material remained stationary 
relative to the belt and passed upwards with it. Near the top. 
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adherent impurity, such, for example, as light sandy particles, was 
removed by the stream of fresh water, and the cleaned ore product 
was discharged into a trough of water through which the belt passed. 
The use of a trans- 
verse inclination and 
an additional water 
current perpendi- 
cular to ’the longitu- 
dinal path of the feed 
was suggested by the 
elder Brunton in 
1841, but does not 
seem to have been 
used in his son’s 
invention. 

Although many 
appliances similar to 
Brunton’sbelt were introduced for various purposes, for example, the 
Hofmann, the Palmer, the Jones and the Harz belts for purifying 
metalliferous ores, and the Solway and the Beaussart belts, used in 
Belgium for calcium phosphate concentration (Schmidt, Bull. Soc. 
Ind. Min,, 1894, 3, 8, 641), it was not until about 1880 that a similar 
appliance was used for coal cleaning, when the Rhum washer was 
introduced in Bohemia {Oest. Zeii. fiir Berg. u. Huttenwesen, 1884, 

32, 532). 

The Rhum Belt Washer. -The Rhum washer, shown diagram- 





Fig. 112. — Brujiton's Belt. 



matically in Fig. 113, was essentially an endless-belt appliance, 
similar to Brunton’s, but the belt was entirely immersed in water. 
As originally constructed, it had a surface length of 1*35 metres 
(4^ ft.) and a width of 0-44 metres (i| ft.), and moved horizontally 
in a tank of water. 

The coal was distributed unifofmly across the width of the belt, c, 
from a hopper, a, by a shaking feeder, b, A water current, admitted 
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from the box, d, through the gate, e, travelled along the trough in 
which the belt moved and carried the coal with it to the platform, /. 
The water current and the belt moved in opposite directions. 



The heavier shale particles tended to adhere to the surface of the 
belt and were carried with it against the water current. The 
coal w’as discharged from the platform,/, on to a dewatering screen, 
g, and the refuse was discharged mto the tank, A, at the other end 
of tlie belt, whence it was removed by a perforated bucket elevator. 
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The Rhum belt had a relatively high capacity. According to 
Schmidt {loc. cit) it could wash about 6 tons per hour of if to i in. 
coal, and about tons per hour of f to in. coal. A disadvantage, 
hawever, was the irregularity of its performance and the amount 
of attention required in operation. Slight differences in the speed 
of current or of movement of the belt, and irregularities in the quality 
or the rate of feed, interfered seriously with efficient operation, and 
neither as an appliance for coal- cleaning, nor for ore-dressing did it 
achieve any popularity. 

The first vanner, or travelling belt with vibrations, was designed 
about i860 by Hartwig (Henry, Ann. des Mines, 1871, 6, ig, 294). 
One disadvantage of all endless belt appliances (as well as of simple 
trough washers) was the liability for light particles to be mechanically 
entangled with the heavier material. This disadvantage was over- 
come to a certain extent ih trough washers by the use of mechanical 
stirrers, and a similar object was achieved by causing an endless 
belt to vibrate. The shaking of the materiaron the surface of the 
belt loosened the bed and enabled a better separation to be effected. 

On the Continent, the Hartwig vanner met with considerable 
success for ore-dressing, and, in 1867, a Hartwig machine was 
installed at Rossitz for the washing of coal. Its efficiency, capacity 
and precise operating details are not well known, and, in any event, 
it has been displaced by other similar appliances, the chief of which 
is the Friu' vanner, invented and first used in the Lake Superior 
district in America, in 1874, and still used at the present time for the 
concentration of slimes. 

The Frue Vanner. — The Frue vanner is shown in plan in 
Fig. 1 14 and a view is shown in Fig. 115. It consists of an endless 
rubber belt 4 ft wide, mounted on ?l frame, the rollers of which are 
about 12 ft. apart. Along its length the belt is inclined slightly so 
that the lower end is 3 to 6 in. below the upper end. The pulp is 
fed on to the upper end of the belt from a headboard which distributes 
it evenly across the width. The heavier ore tends to settle into a 
layer in contact with the belt, whereas the lighter material tends to 
occupy an upper layer resting on the heavier material. By rotation 
of the upper roller the belt is made to travel upwards at a rate of 
about 6 ft. per minute. 

The vibratory motion is caused by the action of two eccentric 
pulleys on the frame supporting the endless belt. The eccentric 
pulleys are mounted on a shaft, which is belt-driven from, a worm, 
the worm being actuated by gearing on the upper roller (Fig. 115). 
'I'he average length of the stroke imparted by the eccentrics is about 
I in., and about 180 to 200 oscillations are made per minute. 

The precise operating details, such as the slope, qualify and rate 
of feed, depth of bed, rate of oscillation and rotation of the rollers* 
depend upon the nature and si2e of the material to be treated. 
For successful operation, a uniform depth of bed, usually about* ten 
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particles thick, must be maintained. If the bed is too thin, the 
capacity is reduced, if too thick, the separation is inefficient. The 
Frue vanner treats about ^ to | cubic foot of pulp per minute 
(about I ton of ore per hour) and requires about i h.p. for the drive. 

Miscellaneous Vanners. — The oscillations imparted to the frame 
of a Frue vanner are sideways (transverse to the direction of 
the water current and the . direction of movement of the belt). 
Vanners with an “ end-shake ” (an oscillation parallel to the water 
current and the movement of the belt), as distinct from '' side-shake " 
of the Frue, have also been used, chiefly in America. Such are the 
Triumph, the Woodbury and the Embrey. End-shake vanners have 
been stated to be better for fine material and side-shake vanners for 
coarse material. With all vanners, the object of the oscillation 
is to agitate the particles, since a simple* shaking action materially 
assists the formation of two layers, the one of heavier material 
on the bottom and *the other of lighter material above it. The 
actual separation of the two layers so produced is essentially similar 
to that effected on Brunton’s belt. 

Another form of vanner has been used (e.g., the Ellis and the 
Snyder concentrators), in which the belt surface has a gyratory 
motion imparted to it by an unbalanced, high-speed flywheel, but 
in this form, vanners do not appear to have been extensively used. 

A number of other appliances incorporating an endless belt as 
the washing surface have been employed, in which tlie water current 
was transverse to the direction of motion of tlie cloth, and these 
appliances are the real precursors of the modern shaking table. 

Vanners have had an extensive use for the concentration of fine 
sands and slimes, but since the introduction of the modern concen- 
trating table, and the still more extensive application of froth 
flotation to the concentration of fine particles, their extended use 
has practically ceased. They have been described in view of their 
historic interest. 


CONCENTRATINC; TABLES 

On a vanner, the oscillation is a regular to-and-fro motion with 
the .same speed in each direction, and its purpose is to keep the bed 
loose and enable mechanically-entangled light particles to be freed 
from the lower portion of the bed. At the same time it assists the 
formation of layers of material of different specittc gravities. 

On a modern shaking table, however, the reciprocating move- 
ment of the deck is not a regular to-and-fro movement with the same 
speed in each direction. The forward movement of the surface is 
J:erminate(f suddenly and the direction of motion is rapidly reversed. 
It is therefore more of a jerking motion, and it not only enables 
stratification to be more complete, but it has the further effect of 
assisting the motion of the particles in their passage to their points 
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of discharge. On' modern tables the motion is transverse to the 
direction of flow of the water, and when the raw material is fed in 
bulk it spreads out, as it were, in fan shape, its path being the 
resultant of two forces acting at right angles to each other, one the 
water current, and the other the impetus given by the oscillation 
of the table. Such tables, with the water current and the jerking 
motion perpendicular to each other, may be called side-jerk 
tables. . 

Some of the older tables were not of the side-jerk, but of the 
‘‘ end-jerk type, the direction of the jerking motion being parallel 
to that of the water current. Under these conditions, the main 
benefit of the vibration of the table was in assisting stratification of 
the material, but, because the oscillation was of a jerking nature, 
it was effective in transporting the heavier material, which clung 
to the surface, towards its* discharge point. 

End-jerk tables have the disadvantage that they separate the 
pulp into only two products ; the heavy conctotrates collect at the 
upper end of the table, and the lighter material is discharged in a 
stream of water at the lower end. Side-jerk tables spread out the 
material, and any number of products may be collected according 
to the number of the discharge collectors. Some of the older 
end-jerk tables had the further disadvantage that they were not 
continuous in operation, and the accumulation of concentrates 
required to be removed periodically. For these reasons they have 
been almost entirely superseded by side-jerk tables. Nevertheless, 
they arc of especial historical interest in coal-cleaning practice, 
because two such tables were employed in England and America 
for wa.shing coal. These were the Campbell and Craig tables. 

The Effect of a Jerking and* Reciprocating Movement of 
the Surface. — Be/ore describing the construction and operation of 
concentrating tables, it is essential that the effect of the jerking 
motion of the deck be appreciated. Its effect may be described in the 
following way ; — 

If a particle rests on a horizontal plane which is made to move 
slowly to the right and then to the left, the particle will remain 
in contact with the plane and move backwards and forwards with 
it, provided that the frictional forces between the particle and the 
plane exceed the momentum acquired by the particle. If, however, 
the plane, with the particle resting on it, moves to the right with a 
gradual acceleration, the particle gradually acquires a yelatively 
high momentum. If the plane be suddenly arrested, the momentum 
of the particle will exceed the force of friction, and the particle will 
continue to move forward. Its speed will gradually decrease until 
it comes to rest at a point to the right of its original position on the; 
plane. Whilst the particle is still in motion to the right, the plane 
may be made to travel back to it.s original position. If the motion 
of the plane in the reverse direction be rapid at first, so that ‘the 
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change from its forward to its backward movement is accomplished 
by a sudden jerk, the plane is. as it were, withdrawn suddenly from 
underneath the particle, and the tendency for the momentum of the 
particle to exceed the frictional resistance is increased. By com- 
bining and repeating these two movements, the particle can be 
made to travel across the plane for any required distance. 

Suppose that the plane be inclined at an angle to the horizontal : 
the force required to move the particle down the plane will be less 
than that required to move’ it up the plane. If, therefore, there 
are two particles on the plane and the reciprocating movement of 
the plane affects one more than the other, one particle can be made 
to move up the plane by its jerking movements, whilst the other 
remains relatively stationary or travels downwards. In practice, 
when a stream of particles is moved over a jerking plane, the bed of 
material is kept in a loose condition and'^the heavier particles tend 
to settle into a lower layer in contact with the plane. They are 
therefore affected to ^ greater extent by the motion of the plane than 
the lighter particles above them. It has been shown in Chapter XII 
that, if a stream of water be made to flow down a plane covered by a 
stratified mass of mineral, the current of water affects the lighter and 
upper layer to a greater extent than the heavier and lower layer, 
tending to carry the lighter particles downwards, leaving the heavier 
particles behind. 

On a shaking table, the two effects arc combined, the recipro- 
cating movement of the surface tends to displace the heavier 
particles in one direction, the current of water tends to displace 
the lighter particles in another direction, and by this means a 
separation of the two types of material is readily effected. The 
chief difference between end-jerk and sidc-jerk tables is that, in 
the former case, the jerking mdlion of the surface is parallel to that 
of the water current, and moves the heavier particles in a direction 
opposite to the current, whereas on a sidc-jerk table the jerk is 
perpendicular to the water current and tends to move the heavy 
particles in a direction at right angles to it. 

End-jerk tables were first introduced in Western Germany, 
Austria and Hungary for the dressing of mineral ores. One of the 
oldest is the Salzburg table, consisting of an inclined deck sus- 
pended at each end. By means of a cam, the table was made to 
swing slowly in the direction of slope of the table against the action 
of a spring. The spring then caused a rapid recoil, which was 
terminated sharply by a bumping block. As result, the heavy 
concentrates and middlings travelled up the surface and collected 
at the upper end, whilst the tailings were discharged in a stream of 
water at the lower end. The disadvantage, that it was not con- 
tinuous in operation, was removed in later appliances. 

The Campbell Coal Washing Table.— The Campbell table 
(Phillips, Eng. and Min. Journ., 1893, 55, 128, and Claghorn, Trans. 
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Inst. Min. Eng., 1902, 23, 435), was the first concentrating table to 
be used for coal-cleaning. It was first installed in America about 
1890. 

Campbell tables are still in use in America at Johnstown, Pa., 
and Wehrum, Pa. The Rosedale washery of the Cambria Steel 
Company, at Johnstown, Pa., contains seventy-two Campbell tables 
with a total capacity of 400 tons per hour. 

The tAble is illustrated in Fig. 116. It consisted of a shallow 
rectangular box, A, about 10 ft. long and 2 ft. 6 in. wide, suspended 
by four vertical rods (not shown in the diagram) which permitted a 
swinging motion. The base of the table was made in two portions ; 



the lower or true bottom consisted of a steel plate, G, secured to the 
sideboards and the frame, D, and above it was a false bottom, F, 
resting on supporting strips. The two decks were about in. apart, 
and each was curved (as is shown in the diagram) the amount of 
curvature adopted being found by trial. The false bottom,. F, was 
a sellers of steel plates bent to form riffles and spaced to in. 
apart. 

'I'he vibratory movement of the table was accomplished by means 
of an eccentric and cam-lever working about a fixed fulcrum, the 
motion being communicated to the frame of the table by a series of 
connecting rods, K. The arrangement of the eccentric ancf the lever 
was so designed as to impart to the table a slow forward movement 
(in Fig. 1 16, towards the right), cn*ding smoothly, and a more rapid 
backward swing (in Fig. 116, towards the left). The backward swing 
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was terminated abruptly by the bumping block and post, L. By 
these means the table was suddenly made to change its backward 
movement for a forward movement, and those particles which were 
in contact with the floors of the table tended to continue moving in 
the backward direction (left), whilst the table suddenly jerked away 
from them in a forward direction (right). 

The coal was fed regularly from an overhead storage bin through 
a shoot on to the upper deck* of the table at a point near the middle. 
Some of the washing water reached the table with the coal, the re- 
mainder being supplied from a distributor set transversely at the 
head of the table, but not attached to it. 

In operation, a bed of refuse several inches thick was allowed to 
collect, so that it completely covered the riffles or false bottom. The 
raw coal tended to separate into layers, with the coal uppermost. 
The flow of water down the plane carried the coal towards the lower 
discharge end, whilst the jerking action of the table caused the 
movement of the refuse (in contact with or near the vibrating surface 
of the table) towards the upper discharge end. The false bottom of 
the table enabled small particles of shale and pyrites to work their 
way through the bed of refuse on the riffles, and to pass through the 
gaps between riffles to the true bottom, where, being affected by the 
vibration of the table, they gradually worked their way to the refuse- 
discharge point. 

The Campbell table had a capacity of 5 to 7 tons of small coal 
per hour, and required about J h.p., the water consumption being 
about 250 gallons per ton of coal treated. 

A series of tests, involving the cleaning of 5,000 tons of coal, was 
conducted in 1900 for the Lackawanna Iron and Steel Company. 
The raw coal was screened tof)ass through bars spaced J in. apart, 
and the distribution of the coal was as follows 

In, Per cent. 

4 to ^ . .27 

i A • 42 

Th .. o . .31 

The results of washing arc shown in Table 89 : — 


Tablic 89. — Washing Kesults- (Campbkix Table) 



I’cr cent, 
of Feed. 

Ash 

per cent. 

Sulphur’ 
per cent. 

Floatings 
at S.G. 
i‘ 4 - 

Sinkings 
at S.G. 
i' 4 - 

• 

Raw coal 

100*0 

5-8 

1-91 

93-39 

6*6l 

Washed coal 

93-9 

4-8 

0-86 

99-04 

0*96 

Refuse 

6*1 

450 

17-62 

1-47 

98-53 


« 





_ 

_ 
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The coal used in these tests had a low initial ash content, and the 
main object was the removal of sulphur. Since the sulphur content 
was reduced by half by the removal of only 6 per cent, of refuse, the 
pyrites responsible for it must have been present mainly as free 
particles, and not distributed through the mass of the coal substance. 

Richardson (Coal Age, 1923, 23, 285), gives the results of five 
tests on the tables at the Rosedale washery, where, as stated, seventy- 
two Campbell tables are installed. The average result of these tests 


arc as follows : — 

Ash Sulphur 

per cent. per cent. 

Raw coal . . 11-3 .. 2*6 

Washed coal . 7*8 ... 1*3 

Refuse . . 61*8 ... 2i*o 


The Craig Goal -Washing Table. — The Cri^ig table, previously 
as('cl for gold washing, was used in England for coal cleaning about 
i()oo (Scott, Trans. Inst. Min. Eng., 1902, 23, 179). The principles 



of its action are similar to those of the Campbell table, but only 
one deck was used and the table was Y-shaped. . 

The table, illustrated in Fig. 117, was inclined downwards from 
the fork, B, towards the narrow end, with an inclination of about 
I in 6. The table was mounted on a framework supported by 
rollers. A, on an inclined track, D. The jerking motion was imparted 
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to the table by an eccentric, which pushed the table up the track. 
At the end of the slow forward stroke the table travelled backwards 
at an increasing speed, partly because of the tension of the springs, I, 
and partly because of the inclination of the track. The backward 
stroke was terminated suddenly by collision with the bumping 
block, J. 

The raw coal was fed at B in a stream of water and a further 
supply of water was introdiKed by the sprinklers, l\ It carried the 
cleaned coal down the table towards the narrow end, where it was 
discharged by the shoots, N. The jerking motion of the table 
resulted in the passage of the refuse up the table to the refuse- 
discharge shoots at (). 

The Craig table treated coal from in. to o, and with large coal 
had a capacity of 8 tons jDcr hour. The length of the stroke was 5 in., 
and the table made sixty strokes per minute. Results of washing at 
Coanwood Colliery were given by Scott as follows : — 


Ash Sulphur 

per ( onl. pc'r cent. 

Raw (’oal . . ll*5o ... 1-96 

Washed coal . 4-80 ... 1-65 


It is impossible to form any definite idea f)l the efficicaicy of the 
ap])liance from tlu‘se results, lor no mention is made of the yield or 
of the loss of coal in tlu' rc'fuse. 

The Rittinger Table. — The Rittinger table was the first table 
asing a side-jerk, that is to say, with the water current at right- 
ungles to the direction of the jerking motion. It was 8 ft. long, 
4 ft. wide, suspend(’d by four rods, and actuated by a cam, spring 
and bumping post. The table was inclined along its length at an 
angle of 3"^ to ()°, the inclination being less, the coarser the pulp 
treated ; a ciirrt*nt of water flowc'd down the slope. The feed was 
supplied at one corner of the head of the table, being carried down 
it by the water current. Meanwhile the jerking action caused the 
heavier particles to travel across the table, so that separation into 
several products was possible at the discharge point. 

The Rittinger table had a low capacity, required a ccTtain 
amount of sizing of the feed, and was-irregular in action. 

The Wilfley Tjible. —Introduced in 1896 as an improvement 
on the Rittinger table, the Wilfley table is more extensively used 
to-day for ore-dressing than any other concentrating table ; over 
24,000 Wilfley tables having been installed in all parts of the world. 

Its aclvantages over the Rittinger tabic were that : (i) it spread 
out the feed over a greater lateral range ; (2) it had an improved 
njechanism for imparting the jerking motion to the table, which 
resulted in a more favourable separation of the feed and a reduction 
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of the wear and tear of the machinery ; (3) it had a riffled surface, 
which considerably increased its capacity. 

The spreading out of the feed enabled thinner beds of material 
to be used, thus increasing the probability of more accurate strati- 
fication of the feed according to density and size differences. There 



iig. — The No. 3 Wilfley "J'able : Framework. 


was also the further benefit that, if desired, a larger nuiuber of 
products could be collected for subsequent treatiiKuit. The intro- 
duction of riffles on the surface not only increased the capacity of 
th(‘ table, but provided a nuiuber of opportunities for the rewashing 
of the heavy particles, and especially of middlings. Perhaps the 



Tailings Side 


WILFLEY TABLE TOP. 



WILFLEY FEED AND WASH WATER TROUGH. 
Fi(i. I JO. — The No. 3 Wilfley Table : Deck. 


greatest improvement, however, was the improved mc'chanism for 
creating the head motion. Ihc old system of making the table hit 
a bumping post to destroy its momentum resulted in heavy wear of 
the machinery, and was especially destructive to the framf'work of 
the building, which took the whole shock of the bump. The im- 
proved mechanism obviated this danTage to the Iniilding, and reduced 
the wear and tear of the framework of the table. The smoother 
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movement obtained was equally effective in carrying out the purpose 
of the bumping action, and, indeed, was advantageous in that it was 
more gradual and assisted stratification of the material without any 
tendency to disturb the stratified layers by creating a commotion 
on the deck. 

The first Wilfley table was erected by Arthur R. Wilfley at his 
mill in Kokomo, Colorado, IJ.S.A. This, and the second model, were 
largc'ly experimental, and jlhe first really successful model was the 



Fig. I2I. — ^The No. 3 Wilfley Table : Driving Mechanism. 


No. 3 Wilfley, introduced in 1898, and illustrated in Figs. 118, 119, 
which are reproduced from an 1898 catalogue. 

'J'he deck of the No. 3 Wilfley table was supported on three cross- 
timbers (6, 7 and 8, Fig. 119), borne on a framework consisting of two 
heavy longitudinal timbers strutted with four cross-pieces, and held 
together by tie bolts. The cross-tirnbers were screwed loosely to 
the frame on the tailings side of the table, and were supported at 
the feed side by three wedges, 52, by means of which they could 
be raised or lowered simultaneously, by the operation of a lever, 55, 
attached to a pinion, 54, working in a rack, 58. Six iron rollers on 
the crohs-timbers, 53, supported the deck of the table. Side-play 
was prevented by a projection under the table working in a guide, 
and by connection with the actuating mechanism at the head of the 
table. 
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The surface, or deck, of the table (Fig. 120) was made of wood 
covered with linoleum and protected on the underside by steel 
plates. A Series of riffles, each | in. wade and | in. apart, were 
fastened to the surface. At the mechanism end the riffles were J in. 
high, and tapered down to nothing towards the concentrates end. 
Only the bottom riffle, which was nearly 16 ft. long, stretched right 
across the table ; those higher up the table were shortened pro- 
gressively in such a manner as to separate the table into two portions, 
one riffled and the other plain. The upper riffle was only 4 ft. long. 
The table was inclined slightly downwards from the mechanism to 
the concentrates end {\ in. in 16 ft.). An extra inclination of i in 4 
was introduced at the mechanism end, the height rising to | in. in 
the last 3 in. to prevent the formation of a bank of material. 

The table was driven by the mechanism shown in Fig. 12 1. It 
consisted of a crank arm ‘(or pitman), 30, working on an eccentric, 
15. The crank arm was connected to a toggle, 33^ and 6, which 
communicated the movement of the crank "arm to a yoke, 25a, 
attached by a connecting rod, 256, to the table by means of a slotted 
keeper, 42. The motion was balanced by connecting a second 
toggle, 33^, to the movable rod, 34. As the crank arm rose the 
table moved to the left, and the spring, 26, was compressed ; as the 
crank arm fell, the spring was released and the table moved smoothly 
back to its original position. This mechanism gave an accelerating 
forward stroke of the table, and a retarding backward stroke. The 
spring merely served to give a smooth movement. 

For this reason it was screwed only tight enough to take up play 
in the bearings and prevent rattling. Further tightening only 
increased the bearing friction. As a result of the motion of the 
surface, the heavy ore particles were carried from the mechanism 
end towards the concentrates end o^the table. 

The length ofVstroke was adjustable by means of the block, 40; 
the best average length of stroke was given by the makers as J in., 
with f in. and i in. as the minimum and maximum respectively for 
ordinary ore-dressing work. The speed recommended was 240 
strokes per minute. 

The feed pulp was supplied from the partitioned box (Fig 120), 
running along the length of the feed side of the table, the length 
over which it was distributed being controlled by the position of the 
partition A supply of wash water was distributed along the whole 
remaining length of the box along the feed side of the table. 

The action of the table was identical with that of the modern 
Wilfley. The agitation of the pulp tends to cause the heavier par- 
ticles to settle to the floor of the table. In so doing they become 
trapped in the riffles, and are prevented thereby from progressing 
further towards the tailings side of the table. The light(M' particles, 
on the other hand, tend to accumulate in the upper layers, and^ 
meeting the current of water, are gradually washed over the riffles 
to the tailings end. The lighter they are, the greater is their tendency 
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to pass over the riffles and the nearer to the head, or mechanism end, 
are they discharged. Whilst they arc being carried along over the 
riffles, they are in a state of constant agitation, so that ample oppor- 
tunity is provided for a heavy particle carried along with the lighter 
particles to sink between two riffles. 

Particles of intermediate density pass over the first few riffles, 
but are trapped later as the feed spreads out and the bed becomes 
thinner. The particles trapped between two riffles sink to the floor 
of the table, and the jerking action of the table tends to carry them 
across the table between the riffles and towards the concentrates 
end. As they move in this direction the height of the riffles decreases 
and the large light particles, which may initially have sunk to the 
bottom of the bed, are affected by the water current washing across 
the riffles, and are thereby carried over the riffle. They may or ma}^ 
not be then trapped between two further riffles nearer the tailings 
side where the riffles are higher. 

When the particles come to the end of a riffle on to the finishing 
surface, the water current washes the lighter material from the 
heavier material and into the next riffle. 'I'hc particles of the 
heaviest material are but little affected by the current of water, and 
pass straight over the finishing .surface to the conc('ntrates collector. 
Particles of middlings, however, are washed gradually towards the 
tailings side, but, because they are trap])ed in the riffles trom time 
to time, they are also propelled across the table in the direction of 
the concentrates end. If they are large they are more likely to be 
washed over a riffle than if they are small, but if so, they are trapped 
by a subsequent riffle and again moved across towards the con- 
centrates end. Small middlings particles are carried to the diagonal 
line .separating the roughing (or riffled) area from the finishing area, 
and they then make their way Sown the table along the ends of tlu^ 
riMes. When washing coal, the tailings side is the clean coal- 
discharge side and the concentrates end is the refuse-discharge end. 

It may be seen that the action of the table includes jirovision for 
the gradual removal of the light from the heavy mineral. No attempt 
is made to effect any sudden and drastic separation, and the success, 
on the score of efficiency, with which the table met oji its intro- 
duction may be attributed to this and to the provision afforded for 
the constant rewashing of middlings. 1'he main separation of 
large light particles is effected easily anel at the out.set. TIk^ particles 
which are more difficult to separate pass forward from riffle to riffle 
until, finally, if separation is possible, it is reasonable to suppo.se 
that it has been accompli .shed. 

Since i8g8 a number of mechanical improvements have been 
effected in the details of the Wilfley table, but its gcnieral design is 
unaltered.- In place of the rectangular deck, the head or mechanism 
end has been .set inwards (towards the concentrates end) and 
the feeding and supporting arLingements have been improved. 
Th^ modern No. 15 Wilfley table, illustrated in Fig. 122, is supported 
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on two longitudinal steel channels, on which two cross-channels are 
mounted. The inclination of the deck from the feed to the discharge 
sides is altered by tilting the cross channels. 

• The deck is supported by V-tread supports working in V-section 
tracks bolted to the cross channels. It consists of timbers laid 
diagonally and strengthened by wooden strips, the whole being kept 
rigid by side boards and iron stays. The upper surface of the deck 
is about *16 ft. by 6 ft., and is riffled ir\ the same way as the earliest 
tables. The riffles consist of forty-six wooden strips, J in. wide. 
The riffle nearest the tailings side is 13* ft. 6 in. long, and increases 
from a feather edge at the corner of the table to a height of -i in. (or 
more in special cases) at the head end. The other riffles increase 
from zero at the diagonal line along which they terminate to a 
height at the head pro raia to their respective lengths. 'I'he 



strips are usually placed jj in. apart. The ui)per riffle is about 
4 ft. c) in. long. • 

'I'he pulp is fed from a box bolted to the side of the table, and the 
feed-box therefore vibrates when the table vibrates. Additional 
water is supplied along the whole length of the table by pipes 
attached to the ends of the cross channels. 

The driving mechanism, shown diagramrnatically in Fig. 123, 
consist.s of a toggle mechanism driven by a crank arm ajid an 
eccentric. 

When the machine is in operation, the rear toggle is forced 
periodically against the rear toggle seat, drawing the thrust rod to 
the left (in Fig. 123). The thrust rod is supported in spherical bushes 
and connected to tlie deck of the table through the thrust j-od head 
and a draw bolt on the under side of the deck. When the thrust rod 
is moved to the left, the coil spring is compressed, and when the 
crank arm has been further displaced and the thrust on the toggle is 
reversed, the spring ensures that the thrust rod movejf smoothly 
towards the right. The right-hand toggle thrusts against a fixeef 
pin in the adjusting block, and *1110 precise length of the stroke 
imparted to the table depends upon the position of the bUVk. 
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When the table is correctly set and adjusted, it tuns without noise 
other than a gentle throb. 

Only a relatively small adjustment of the stroke caii be effected 
by raising or lowering the toggle adjusting block. A considerat)le 
change can, however, be accomplished by re-setting the eccentric. 
The length of stroke can be varied from \ in. to i J in., and the speeds 
of oscillation recommended with different stroke lengths are as 
follows : — 


Length of Stroke. No. of Strokes 

In. ' per Mm. 

i • -kfO 

I ... . 300 

I . . . . 270 

li . . . .240 

220 

The adjustments* other than the side elevation, that can be 
effected for any particular purpose are the end elevation, the amount 
of water mixed with the raw material, and the len^^th of stroke. 

The Wilfley is a true pioneer in table concentration, and the broad 
principles of design of the Wilfley table are those accepted by all 
makers. It is interesting to sec that, in the modern Wilfley table, 
any new features are only slight modifications of earlier design. 
The chief features, the termination of the riffles in a diagonal line 
across the deck, and the mechanical method of imparting impulses 
to the table, are unchanged after thirty years of experience. 



CHAPTER XVI 

CONCENTRATING TABLES — Continued 

There are certain features common to all coal-washing tables. 
All are wooden structures, approximately rectangular in shape, 
covered with wooden riffles, or, occasionally, brass, rubber or rubber- 
faced riffles, tacked on to a protective surface of linoleum or rubber. 
A driving mechanism is placed at one of the narrow sides (or ends) 
to impart to the tableman accelerating forward motion, a sudden 
reversal, and a retarded backward motion. The refuse is discharged 
at the end remote from the head or mechanism end, and the cleaned 
coal is discharged along one of the longer sides. Tlie middlings 
collect near the corner between the coal-discharge side and the 
refuse-discharge end. 

The feed is supplied at the corner diagonally opposite to that at 
which the middlings collect, and washing water is distributed along 
the fourth or feed side. 

'fhe tables are all inclined transversely downwards to provide a 
water current from the feed side to the clean-coal discharge side, and 
usually there is a slight upward inclination from the head or mecha- 
nism end to the refuse-discharge end. 

This upward inclination along the length of the table is to prevent 
water currents from moving towards the refuse-discharge end and ^ 
carrying line coal particles with fhem. The height of the refuse- 
discharge end is^usually i to 2 .\ in. above that of the mechanism end, 
but 3 or 4 in. may often be required. This is not, however, always 
the case. 

The Massco Coal-Washing Table. — The Wilfley table described 
in the previous chapter was designed primarily for the treatment of 
small particles of mineral ore. With small particles, the concentra- 
tion was effected primarily on the roughing or riffled area, and, 
linally, on the finishing or unriffled area. 

When it is desired to treat a feed which does not consist essentially 
of fine sands or slimes, this arrangement of riffling may.not be the 
most satisfactory, and, in ore-dressing practice, the design of the 
deck of the Wilfley table is modified to suit special circumstances. 
Normally, the middlings product is collected at a corner of the table, 
the purifled ore or concentrate being taken along on# end. Such 
a division is suitable with a normal ore low in mineral content atid 
easy to concentrate. When, hawever, separation is not so simple, 
because of the high grade of the ore, or because there is a considerable 
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proportion of material of intermediate density, it is necessary to 
alter the riffling system. For example, if there is a large middlings 
fraction, it is usual to arrange that three or four of the longest 
riffles, and not only the bottom one, end along the full length of the 
table. 

In other circumstances, especially with a coarse feed, or an ore 
giving a high yield of concentrates, tlie riffles may be placed all over 
the deck. Under such conditions the valuable mineral matter is 
collected high up on the concentrates end of the tabk', and there is 
a wide section of the table 'containing middlings. The effect of 
such an arrangement is, normally, to increase the capacity of the 
table considerably, but, by eliminating the finishing area, to reduce 



somewhat its otherwise very high efficiency, especially with regard 
to the removal from the concentrates of small particles of im]nirity. 

The very accurate separation required in, say, the dressing of 
auriferous sands, is unnecessary for coal-washing, for then the iev.d 
is of relatively low value, and the loss of a dew particles of coal may 
be risked if, by so doing, the capacity of the appliance can be con- 
siderably increased. Consequently, for coal-washing, the deck of the 
standard Wilfley table is usually riffled all over. In these circum- 
stances, the refuse is discharged from the ends of the uppermost 
riffles, and the whole of the remainder of the refuse-discharge end and 
the clean-coal discharge side are used to collect coal and middlings, 
tfie cleanest coal being found near to the mechanism end and the 
dirtiest coal near to the point vfhere the refuse is discharged. 
Between these two positions there is a gradual increase in the ash 
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content of the coal, and by choosing a suitable point along the edge 
of the table, at which to make the division between the clean coal and 
the middlings, a product can be obtained containing any desired 
amount of ash (greater than a certain minimum). This is illus- 
trated by the results given later. 

The first experiments in coal cleaning using a Wilfley table were 
made in 1906, the standard No. 5 table being used. These experi- 
ments Ifed to the design of the Massco, which was the Wilfley coal- 
cleaning table. It was found, in practice, that, for coal washing, 
the dimensions of the standard Wilfley deck were inadequate, and 
the deck of the Massco table was made 14 ft. 9 in. long, but the width 
was increased to 7 ft. Moreover, the deck was made rectangular. 
In practice, the heights of the riffles, and the distances between them, 
is varied according to tlu; size of the coal treated, but the standard 
Massco table has thirty-five riffles, all running right across the table, 
each in. wide and .spaced 2 } in. apart (bptween centres). The 
surface is divided into four areas, shown in Fig. 124, in which the 
heiglits of the riffles are different. Near to the head end, the riffles 
are ^ in. high ; in the second area they are -§ in. high; towards the 
refuse-discharge end they slope regularly from a height of | in. to 
i in., at which minimum height they continue to the refuse end. 

The feed is distribut(‘d from one corner of the tabic, as shown, 
and not over a considerable length along the feed side, as on the 
Wilfley table. The upper, or feed, side, is occupied by two water- 
distributing boxes, wliich supply the wa.shing water. The coal itself 
is supplied into the feed-box with about twice its own weight of 
water, the actual proportions varying from 1-7 to 2-5 of water 
to 1 of coal according to the size of the particles. 

Massco tables are used for the treatment of unclassified material 
with a maximiini size of about J in. Under these conditions they 
deal with between 4 and 8 tons of raw coal per hour, the capacity 
being dependent upon the relative proportions of coal, middlings and 
dirt in the feed. For the treatment of slurry, the capacity is 
reduced to about i ton per hour. The tables operate at 250 strokes 
per minute, with a length of stroke I to i in. The refuse-discharge 
end is placed about i] in. above the head end, or rather less for the 
trcatuKuit of fines. ITansversely, from the feed to the coal-dis- 
charge side, the inclination is about i| in. per ft. (or i in 7). About 
35 gallons of water are required per minute. In operation, each 
table requires i h.p. for starting, but f h.p. is sufficient when the 
table is running. Massco tables have not been used extensively. 

The results in Table 90 were obtained in practice in New Mexico 
in cleaning coal for the Stag Canon Fuel Company. The raw coal 
contained about 25 per cent, of ash. The products were collected 
over distances of i ft. from the corner between the coal-discharge 
side and the head end, to the opposite corner between the refuse- 
discharge end and the feed side. Thus the quality of the products 
varies and, in general, becomes poorer in successive fractions. 
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Table 90, 

. — Result of 

Washing 

No. of Fraction. 

Weight of Fraction | 

».im. per min. 

' 

I 

376 

! 7*0 

2 

1,980 

i 8-0 

3 

2.952 

; 7-6 

4 

2,83f). 

1 6*0 

5 

i 6,000 

7*0 

6 

1 ^,784 

9*0 

7 

i 7.446 

10-8 

8 

: 7.492 

1 IT-O 

9 

i 3.464 

II-O 

10 

2.342 

II -2 

II 

l,qo6 

13-0 

12 

2.456 

1 15-0 

13 

2.824 

1 2.3-0 


1,962 

' 3 «-<> 

<— 

15 

; 4 -«T> 


If) 

3 , 9^22 

; 

17 

, 3 <i 9 ^ 

56-0 

18 

; 2,()62 

1 ()8-o 

19 

2,264 

j 72-0 

i 


Ash Content per cent. 


53*0 ]KT cent, of sample. 
Q'O per cent. ash. 


11*3 per cent, of sample. 
1 1 *5 per cent. ash. 

10-7 per cent, of sample. 
22-0 per cent. ash. 

Corner of table. 

25-0 ])(T ct'iit. of sample. 
527 }^er cent. ash. 


It is unfortunate that these results do not show the float and 
sink figures for each fraction. 'J'hey are, however, of esj'ccial 
interest because they clearly slir)w one of the great advantages of 
table concentration, namely, that it is ea.sy to control the exact 
quality of the cleaned coal by changing the position of the collector. 
No other coal-wa.shing appliance is capable of such quick and ea.sy 
adaptation. 

Occasionally the standard Wilfley table is employed for coal 
washing, the deck being divided into two areas, a roughing (riffled) 
area and a finishing (smooth) area. The Wilfley deck is more 
commonly used when very fine coal is being treated (say, in. to o), 
for in these circumstances the .smallest particles can be effectively 
cleaned on the finishing area. With a corhpletely riffled deck, a loss 
of very fine coal particles may be sustained in the refuse. 

When The standard Wilfley table is in operation for coal washing, 
the raw coal is mixed with three times its weight of water, and, as it 
is essential that each particle of the feed be thoroughly wetted, it is 
usual to resprt to wet grinding, when, as frequently occurs in America, 
the coal is crushed before washing. 

Under proper working conditions, the coal and dirt separate into 
two,.distinct portions, there being a line of demarcation between the 
two (depending upon the amount of middlings). This line of 
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demarcation is plainly visible in many cases, but if the wet coal and 
wet shale are of similar colour and appearance it may not be quite 
clearly defined. The dividing line should coincide, in a general 
mtoner, with the diagonal line across the table along which the 
riffles terminate ; the coal should, as far as possible, be confined to 
the roughing surface (riffled) and the dirt to the finishing surface 
(smooth). The position of the line of demarcation can be varied 
by altering the side elevation of the table, and, in regular use, this is 
generally the only adjustment required to meet an irregular or a 
changed feed. By increasing the inclination, the line will move 
towards the coal-discharge point ; if the deck is more nearly hori- 
zontal it will be nearer the refuse-discharge end. The correct 
position is obtained when the line terminates at the lower corner of 
the refuse-discharge end. . 

The adjustments, other than the side elevation, that can be 
effected for any particular purpose are the end elevation, the amount 
of water mixed with the raw coal, and the length of stroke. 

The Butchart Table. — The Butchart table was introduced in 
America in about 1916, and was said to be very efficient for coal 
washing, though it has never been widely used. The deck, which is 
covered with linoleum, is 15 ft. 6 in. by 6 ft., and is divided by the 
shape of the riffling into three areas, which may be seen in Fig. 125. 
In the middle area, the riffles are curved. The deck is of wood, 
bolted or riveted to steel plates, and is strengthened by additional 
steel plates along the sides and iron cross-pieces underneath. It is 
supported by four sliding bearings on the cross-pieces, which slide 
in receptacles on the understructurc. 

The whole table is mounted on •two heavy steel base channels 
bolted to wooden .or iron supports. The cast-iron pedestals, which 
provide the suspension bearings for the tilting beams, are bolted to 
the base channels. The base channels bend inwards at the head 
end of the table to support the driving mechanism. 

The driving mechanism is of a modified toggle and spring type, 
enclosed in a cast-iron housing. The table receives an accelerated 
motion towards the refuse-discharge end, and a retarded motion in 
the reverse direction. The length of stroke ranges from J to in. 

In order to obtain the necessary inclination of the table from the 
feed side to the coal -discharge side, the deck of the table is mounted, 
as stated, in bearings supported by cross-pieces on two tilting beams. 
'Fhc tilting mechanism consists of large-diameter brpnz<i screws, 
operating in sleeves and actuated through bevel gearing by means of 
a handwheel. The gearing is so arranged that one turn of the hand- 
wheel increases the height of the feed side above the coa\-discharge 
side by i in. • 

The riffling divides the deck into three portions. In the first and 
deepest portion, which extends from the head end to the curyed 
portion of the riffles, the coal is cleaned roughly. The refuse sinks 
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to the bottom of the channels between the riffles and is moved 
towards the refuse-discharge end by the differential motion of the 
deck. Much of the cleanest coal is meanwhile washed over the 
riffles by the washing water and reaches the coal-discharge side. 
In the second portion, where the riffles arc curved and bend towards 
the feed or upper side of the table, the refuse is rewashed. Here the 
washing water is deflected down the riffles and flows in a direction 
opposite to that taken by the refuse. The water flows down the 
slope towards the head end ; the refuse moves up the slope between 
the riffles as a result of the jerking of the deck. Consequently, any 
coal particles associated with the refuse on this portion of the table 
are washed backwards towards the roughing area. 

The third portion of the deck is covered with straight riffles, 
parallel to the sides of the table. Its objegt is to discharge the refuse 



r'lG. 125. — Deck of Butchart Table. 

as near to the feed or upper sifle of the table as possible. By this 
means the middlings fraction is spread over a widg lateral area. 

The following results of coal washing on a Butchart table were 
published by Prochaska Coal Washing,” p. 223). They arc the 
average figures obtained from a number of analyses made during 
the washing of an unsized Illinois coal from in. to o : — 




Raw Coal. 

! Cle.ancd Coal. 

1 

! Refuse. 

Ash p(T cent. 


13-45 

!' 

6-.33 

5<>-97 

Sulphur per cent . . 


3'20 

2*22 

t 

9 - 5 ^ 


These results give no information as to the efficiency of washing, 
•mo reference being made to the loss of coal in the refuse or the 
amount of dirt in the washed coal. The following results (for which 
we^are indebted to Mr. H. F. Yancey) relate to the washing of an 
Oklahoma coal, of size J in. to o, on a Butchart table : — 
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• 

Weight 
per cent. 1 

i 

Ash 

per cent. 

Sulphur 
per cent. 

Raw coal 

loo-o 

296 

i*i8 

Clean coal 

68-2 

10*2 

o-q6 

Middlings 

17*0 

56-8 


Refuse ... 

14*8 

1 ^ 

1 1 

76*6 

1 1 

1-84 


The Deister-Overstrom Table. — The Deister-Overstrom diago- 
nal deck coal-washing table was introduced in America before 1920, 
and the first large commercial unit was installed at the Wadesville 
Breaker of the Philadelphia and Reading Coal and Iron Company. 
The table was the outcomfj of the acquisition, by the Deister Con- 
centrator Company, of the Overstrom patents, and the Deister- 
Overstrom table introduced features of each of the earlier types of 
table. It is said to be used for coal-washing in America in greater 
numbers than any other type of concentrating table. 

A genera] view of the tabk‘ is shown in Fig. 126, and the arrange- 
ment of the riffling on the deck of the table in Fig. 129. The table 
supijortsand the frame are shown in Fig. 127. The main base of the 
table consists of two 9 in. steel channels, H, riveted to bedplates 
which are attached to concrete foundation blocks. The head 
mechanism, C, is bolted to one end of the channels and the spring 
seat, D, to the other end. Two cradle scats, E, provide fixed 
supports for the tilting frame. 

The deck of the table, the underside of which is shown in Fig. 128, 
is supported by six sliding bearings in the seatings, G. The seatings 
arc fixed to the tilting frame, which consists of a braced steel frame- 
work, supported on the mam base in cradle seats, and in operation 
they are tilled with oil to give an easy sliding motion. 

Th(^ tilting mechanism, which provides a slope down which the 
current of washing water will flow from the feed side to the coal- 
dischargt^ side, consists of two slotted posts at the corners, A and B. 
rile operation of th(‘ handwheel, J, actuates a rack and pinion, K, 
which moves Iw'o opposing wedges at A and B. The wedges move 
in slots in the tilting posts and raise or lower the corners of the 
iramework by equal amounts, A being lowered if B is raised, or 
vice versa. The variation in the inclination allows the deck to take 
up any position between the extremes —horizontal (from feed side 
to coal-discharge side), and with the uppermost corner of the feed 
side at a height of 2 ft. 10 in. above the opposite lowest corner. 
Under the latter conditions the inclination from corner to corner is 
I in 22, and along the end of the table i in 5. 

The deck is kept in alignment by two rocker arms, R, one 
attached by means of a connecting link and steel yoke, L, to the head 
mechanism, and the other attached to the spring, M. Neither 
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rocker arm bears any of the weight of the table, and the sliding 
bearings under the deck play no part in preserving the alignment. 

The deck itself is made of wooden strips fixed diagonally and 
liberally strengthened (Fig. 128). It is covered, on the upper side, 
with linoleum, on which the wooden riffles are laid. Its shape is 
different from that of the Wilfley (or Massco) and Butchart tables, 
being so designed that the material takes a diagonal course across 
the table. The head mechanism is fixed at one corner of Ihe table 
and the motion is parallel to the riffles, but inclined to the feed and 
washed-coal sides. On the* Wilfley deck, the riffles are parallel to 
the washed-coal discharge side. Instead of the refuse passing 
straight across the deck (as on the Wilfley), on the Deister-Overstrom 
table it travels diagonally from corner to corner of the deck. Its 
distance of travel for a given deck area is therefore, greater, and the 
chances that coal particles will be lost in the refuse are consequently 
reduced. Furthermore, the riffles used are shallow and narrow, and 
the feed spreads out into a broad thin bed which greatly facilitates 
cleaning. 

Figure 129 is a view of a Deister-Overstrom table in operation at 
Hazelton Shaft Colliery of the Lehigh Valley Coal Company, 
Pennsylvania. The raw coal, mixed with about twice its weight of 
water, is supplied from one corner of the table (right-hand side of 
Fig. 129) and water is delivered from the boxes running along the 
upper side. The riffles are arranged in groups. At intervals, one 
of the riffles is of greater height, near the head end, than the remaining 
riffles, and tapers down to approximately the same height as the 
other riffles near to the refuse-discharge end. This is the “ Deister 
Pool '' system. 

The occasional higher riffle serves several purposes. The 
particles tend to bank up against the higher riffle, but coal particles 
are washed over it, whereas tlie middlings tend to accumulate in the 
bank and are moved by the head motion towards the refuse end. 
There, as the riffle decreases in height, they are separated from true 
refuse because they are able to pass over the riffle. It frequently 
happens that raw coal contains thin flat particles of dirt. On a 
concentrating table, these lamina frequently tend to be borne along 
on the top of the coal, floating, as it were, on coal particles, and arc, 
therefore, difficult to remove. It is in such an event that the 
occasional high riffle serves a particularly useful purpose. As they 
progress across the table, floating on the coal, many of the flat dirt 
particle!; turn on to a side as they cascade over the high riffle, and 
are trapped below the coal. Once they are below the coal and 
between two riffles on the deck, they will be discharged into the 
refuse. On other riffling systems, with an evcin height of riffles, this 
would be less likely to occur. 

The remaining riffles on the deck of the Deister-Overstrom table 
ar^ of a uniform height of either in. or in., according to the size 
of coal being washed. They do not taper, as does the occasional 
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higher riffle. The riffles terminate on a diagonal line across the 
deck, which corresponds to the natural line of division between the 
clean coal and the refuse. The diagonal termination of the riffles 
extends for only about two-thirds of the length of the refuse-discharge 
end ; for the remaining one-third the riffles terminate at the end of 
the deck. 

There are about 106 riffles on the standard Deistcr-Overstrom 
sand table used in ore-dressing practice ; -on the No. 7 standard coal- 
washing table there are nearly 130 riffles. It will be recalled that 
on the Massco table there arc 35 riffles’; on the Butchart there 
were about 50 riffles, and the total deck area of the three types of 
table is approximately the same. On the Deister-Overstrom table 
some of the riffles arc quite short ; nevertheless the space between 
each pair of riffles is a washing area, and it is to be expected, 
therefore, that washing will be highly efficient. It is. indeed, 
claimed for the Deister-Overstrom table that, apa^t from an increased 
capacity, because of the diagonal travel of the refuse and the larger 
number of riffles, the cleaning effected compares favourably, in 
American practice, with that on any other type of coal-washing 
table. 

Some portion of the efficiency of the table may be attributed to 
the small production of middlings." It may here be remarked that 
the " middlings " produced in many coal-cleaning operations are 
not true middlings (that is, j)articles intermediate in density between 
the clean coal and the refuse) but consist of a mixture of coal and dirt, 
associated with only a small amount of truly middlings material. 
Such a " middlings " product consists largely of particles which have 
not gone where the designer of the plant expected them to go ; 
they are returned to the appliance iq order that they may have 
another chance to go either with the clean coal or with the refuse. 
This occurs frequently in tabling processes (especially in dry tabling 
or jmeurnatic processes). This is prevented to a large extent on the 
Deister-Overstrom table because the deck is raised, forming a 
" high-spot " near the corner where the middlings tend to collect. 
When the coal is relatively free from middlings, the high-spot may 
cause a gap to form at the corner, but when the coal contains a large 
proportion of middlings, there is a gradual increase in density of 
the product round the discharge edges of the table. The portion 
between the clean coal and the refuse consists of true middlings, and 
can only be tn^ated as a separate product for separate use, or for 
crushing and rewa.shing to recover the coal particles. 

Since the Deister-Overstrom is a combination of two tables, there 
are available two types of head motion, the Deister motion and the 
Overstnnn motion. Each of these is in common use on coal-washing 
table's. The Deister mechanism is the more common of the two and 
the principle of its action is similar to that described later for the 
Deister Plat -0 table. 

The results of a seventeen-hour test on the washing of pea size 
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(J to 2 in.) anthracite were published by Griffiii {Coal Age, August 
14th, 1924). The tabic treated 20*2 tons of anthracite per hour, 
producing 13-2 tons of cleaned product. The results were as 
follows : — 

Raw anthracite (pea) . . 38*5 per cent. ash. 

Clean anthracite . . . 574 per cent. ash. 

Anthracite in refuse . . . 2 02 per cent. 

Tests on smaller sizes of anthracite, all less than f in., resulted 
as follows : — 


Size. 


« 

Feed (tons per hour) . 

Ash per cent, in feed 

Ash pc*r cent, in clean product 

Ash per cent, in refuse 


I 


No. I : 



No. 4 

Buck- I 

Bice. 

Barley. 

Buck- 

wheat.# ! 

i 


wheat. 

i 

19-27 

17-95 ! 

14-43 

2*0 

1 

43*30 

35-75 

33-53 

29-0 

15*43 

15-03 

17-46 

1 9*5 

8o-()o 

78-19 , 

74-72 

— 


The percentages of ash in the cleaned No. i buckwheat, the rice 
and the barley sizes are high. It should be noticed, however, that 
the ash contents of the refuse materials are very high. Moreover, 
the tables were being worked at their fullest capacity, and the chief 
aim would appear to have bc^en to lo.se the minimum amount of coal. 
With ash contents of 8o-6, 78-2 and 747 in the refuse, this was 
probably being accomplished. 

The figures for the No. 4 buckwheat (which repre.scnt the average 
analyses for a month's operation) are remarkably good. No. 4 
buckwheat is coal through a in. me.sh sieve and remaining on a 
200 (Tyler standard) mesh sieve. Treating this fine material, the 
ash content was reduced from 29 to 9-5 per cent. There may have 
been a considerable loss of coal in the refuse, but treating what is 
essentially a slime, this may not be an objection of serious moment 
if the ash content of the cleaned material can be so effectively 
reduced. 

The Deister Plat-O Table. — The Pl.it-O coal-washing table is 
illustn^ted in Figs. 130 and 131. 

The imderstructure is simple, consisting of three cross channels 
mounted on concrete piers. At each end of the channels is a housing 
containing a slipper bearing, in which the deck is supported. Three 
of these* bearings form part of the tilting mechanism. A fourth 
concrete pier supports the main spring and the casting which forms 
the spring seeit. With an und&rframe of longitudinal channels the 
spring and seat may be bolted to the main underframe. 
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The mechanism for tilting the deck consists of a rod to which 
three cast-iron wedges are locked in the proper positions. The 
wedges lit into the underside of the three slipper bearing housings, 
which are along one side of the framework. By the operation of a 
handwheel the wedges may be inserted further or withdrawn, to 
raise or lower the bearings along that side. The wedges are on the 
feed side of the table. In operation, the housings are filled with oil, 
and the deck of the table slides backwards and forwards in an oil 
bath. 

The deck of the table is rectangular in plan and measures 14 ft. 
by 7 ft. It is made of diagonally laid wooden (cypress) strips, and is 
strengthened by stringers and head pieces made rigid by corner 
angles. On the under side are six bearing surfaces which fit and 
slide in the seatings on the frame. In section, the bearings form the 
arc of a circle, but alignment is maintained by a groove in the frame 
bearing and corresponding lip in the deck bearing. The deck is 
covered with linoleum (or rubber) to which wooden riffles are 
tacked. The rubber coverings employed are corrugated, the 
corrugations being about in. high. When linoleum is used, the 
covering is smooth. 

The disposition of the riffles may be seen in Fig. 130, which is a 
view of a Plat-() table ready for operation, the near end being the 
refuse-discharge end. From the head or mechanism end, the riffles 
decrease in height towards the discharge end. Occasionally, 
especially for washing coal above g in. in size, the riffles are made to 
terminate along a diagonal line as in ore-dressing on the Deister- 
Plat-0 table, but in other cases they are continued, as shown, to 
the refuse-discharge end. 

The Plat -0 table has a raised porfion near to the refuse end, to 
which its name (plateau) is due. After a particle of shale has 
travelled along the table (in Fig. 130 towards the observer) between 
two of the left-hand side, or feed side, riffles for about two-thirds of 
the length of the table, it is made to travel up a slight incline on to a 
plateau, a little (approximately g to J in.) above the level of its 
earlier path. Towards the right-hand side of the table the incline 
does not begin until the particle has travelled a greater distance, the 
incline commencing about 18 in. from the end of the table. When 
it reaches the incline, however, it rises to the same height above its 
earlier path as do particles on the left-hand or feed side. The 
incline thus extends diagonally across the table, and the inclined 
portion is 12 in. wide. 

The table can therefore be regarded as being divided into two 
portions, the one near to the discharge end being slightly higher 
than the one near to the head end. The line of division betjween the 
two runs diagonally across the table and corresponds approximately * 
to the natural line of separation between the coal and refuse (and 
lienee to the dividing line between the roughing and finishing ardks 
of the Wilfley table). • 
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As the refuse passes up the incline, the washing water moves in 
an opposite direction down the incline, and so tends to remove any 
particles of coal entangled with the refuse. In this respect the incline 
corresponds to the curved portion of the riffling on the deck of the 
Butchart table. 

The riffling of the deck of the Plat -0 table may be seen from 
Fig. 130 to be of two kinds. Every second riffle of this table is a 

pool '' riffle, which extends right across the length of the table. 
Between the '' pool ” riffles are the main riffles, which, in the table 
illustrated in Fig. 130, terminate along a diagonal line across the 
table. This diagonal marks the top of the inclined portion of the 
deck. In the latest design of table, for washing coal of in. to 0 
or J in. to o size, the pool riffles, extending the full length of the table, 
are placed every third, instead of every second, riffle. All the 
riffles are | in. wide, but vary in height. The pool riffles taper 
gradually from a height above the surface of | in. at the head end 
to in. at the refuse end. The main riffles, two of which lie between 
each pair of pool '' riffles, are ,\j in. high at the head end and 
decrease in height to in. on a diagonal line across the top of the 
inclined portion of the deck. From this diagonal they are con- 
tinued to the refuse end of the table by extension riffles, which 
decrease in height from /*y to in. at the edge of the deck. Thus 
the table is riffled for the whole of its length. 

For special purposes a different riffling system may be employed. 
For example, in one table designed for coal of size between | and 

in., the riffles were inclined to the sides of the table for the greater 
part of their length, but on the plateau their direction changed and 
they became parallel to the sides. The system employed depends 
entirely upon the coal used.* If the separation of coal from dirt 
is eas}^ the riffling can be simple. If it is more difficult, and coal 
tends to be discharged with the refuse, the riffles can be inclined 
towards the feed side, so that there is a greater tendency for the 
current to wash away light material from the refuse. 

The feed to the Plat-O table is distributed from a square box at 
the corner between the head end and the feed side. 3 'he proportions 
of the coal and water in the feed recommended by the makers is 
about I to I, but in operating practice it is found to be usually more 
satisfactory to employ a greater amount of water, the proportions 
being about 2 of water to i of coal. Such a proportion conforms 
more nearly to practice on concentrating tables of other makes. 
I'he wash water is supplied from two distributing boxes running 
along the feed side. The Plat -0 table is designed for the treatment 
of coal of size less than | in., and with a feed of coal of this size, the 
circulating water requirements are about 325 to 350 gallons per ton 
of coal. 

The head motion is supported on a separate concrete pier, or, if 
main base channels are used, it is bolted to theft ends. It is con- 
nected to the table by means of a steel yoke. A connecting rod 
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attached to the yoke engages in a seating in a steel plate bolted to 
the table, the actual height, relative to the deck of the table, at 
which connection is made being variable by providing several 
seatings. The yoke and connecting rod may be seen in Fig. 131, 
which is a drawing of the head mechanism of the table. 

The motion of the deck is imparted by a toggle and lever mecha- 
nism acting with a spring. The differential motion is produced 
partly by this means and partly by. the design of the eccentric 


( 0 ) 


(fr) 



Fig. 1 31. — Hciid Mechanism : Deister l*lat -0 Table. 


driving shaft, which imparts a varying angular speed to the roller 
actuating the toggle and lever mechanism. 

The main shaft, C, has an eccentric portion, B, on which is 
mounted a loose roller, A. The shaft runs in two main bearings 
fixed to the frame of the table, and is driven by a 21 in. .diameter 
pulley. The roller, A, bears against the surface of a steel toggle 
arm, D, which is pivoted at its other end by an eccentric pin, E. 
The motion of the toggle arm, I), is transferred by the short toggle, F, 
to the steel rocker arm, G, which is a bell-crank lever. The bearing 
upon which the rocker arm is pivoted, and the eccentric pin which 
pivots the toggle arm, are both ri§id with the frame of the table. 

The mechanism is completed by a spring mounted in a sealing 
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near to the refuse end of the table. During the backward stroke 
it is compressed and is released during the forward stroke, so giving 
to the forward stroke an accelerated motion. 

The table may be imagined to be at the end of its backward 
stroke and ready to move forward again. In this position the 
roller, toggle and rocker arm are in the positions shown in the lower 
diagram of Fig. 131 (6). The upper and lower bearings, H and J, of 
the toggle are then just out of alignment with the main shaft 
eccentric, the eccentric being slightly to the left. 

The rotation of the eccentric shaft for a quarter of a revolution 
causes the roller to move forward slightly. When this occurs, the 
pressure of the spring, which was compressed during the backward 
stroke, causes the upper toggle joint, H, to move forward, thereby 
causing the toggle arm, D, to rise slightly to the position shown in 
the middle diagram. As the eccentric shaft rotates through another 
90 degrees, the uppqf toggle joint moves further forward and the 
toggle arm is raised still further. The raising of the toggle arm 
allows the lower end of the rocking arm to rise and causes the upper 
end of the lever to move forward. The motion imparted to the upper 
arm of the rocker, with the further assistance of the spring, causes 
the forward motion to be accelerated. The sudden reversal of the 
movement, and the retarded backward motion, have the effect of 
jerking the refuse forward between the riffles. 

'J'he mechanism of the Deister Plat -0 table is capable of several 
adjustments. It will be seen in Fig. 13 1 (a), that the yoke and con- 
necting rod are not fixed to the end of the rocker arm. By varying 
the position of the yoke on the rocker arm the length of the stroke 
can be altered. If the distance between the connection and the 
centre pivotal bearing of the r<)ckcr arm is increased, the length of 
stroke is increased, and vice versa. The adjustnjent is made by a 
screw and handwheel. 

The differential motion can be altered by changing the size of the 
roller. A, the length of the toggle, F, and the position of the toggle 
arm, D. The latter adjustment is made possible by the use of an 
eccentric pin, E, as the pivotal bearing. If the eccentric portion of 
the pin is towards the table, the toggle arm is moved forward, and 
the position of the upper toggle joint, H, relative to the lower 
joint, J, is changed in such a manner that the sharpness of the 
kick of the motion is increased. If th^. eccentric pin is reversed, 
the joint, H, moves backwards relative to J and a smoother recipro- 
cating movement results. 

The Plat -0 head motion is totally enclosed in an iron casing 
which is half-filled with oil. The motion is self-oiling by splashing. 
As with other tables, the horse-power required is about i h.p. for 
starting and about | h.p. for running. 

The capacity of the table is seated to be between 7 and 30 tons 
per, hour of feed coal of size 1 or | in. to o. The capacity is, of 
course, lower the greater thf amount of refuse and the smaller the 
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size of the coal. For normal operation on coal of this size the length 
of stroke is about f in., and about 285 strokes are made per minute. 

A certain number of Deister Plat-O tables have been erected in 
this country for coal washing. At one colliery in South Yorkshire a 
table was installed for the treatment of crushed washery refuse. 
Under one test the table had a capacity approaching 10 tons per 
hour, and a good separation of coal and dirt appeared to be effected. 
In subsequent operation, however, the* table proved unsatisfactory, 
both as regards efficiency and capacity. Unfortunately the tests 
were abandoned before they could be considered to have been 
prosecuted exhaustively. 

The results in Table 91 were obtained by Mr. B. M. Bird in a 
test at a washery in Pierce County, Washington, on the washing of 
middlings crushed to pasg a | in. screen. The table used was a 
standard Deister Plat-O table, but the deck had been modified, the 
plateau at the middlings corner being cut away^ prior to the test. 


Table 91. — Float and Sink Test on Raw Coal 


vS.G. 

Weight of 
Sample 
per cent. 

Ash 

per cent. 

Weight 

cumulative. 

Ash 

per cent 
cumulative. 

<1-38 

fi 3*9 

7-3 

63-9 

73 

1-38 to 1-50 

127 

240 

76-6 

lO-I 

1-50 to 170 

12-5 


89*1 

14-0 

> 170 

10*9 

()2-8 

loo-o 1 

19*3 


Washing Results on Plai-O Table 


Zones, 1 ft. 

Wide. 

Weight of 
Sample 
per cent. 

Ash 

p(‘r cent. 

Weight 

cumulative. 

Ash 

Per cent, 
cumulative. 

j and 

2 

3-3 

8.7 

3-3 

8-7 

3 M 

4 

4-5 

7*6 

7*8 

8-1 

5 ,, 

6 

137 

9-6 

^1*5 

9-0 

7 .. 

8 

13*2 

ii-i 

347 

.9-8 

9 .. 

10 

i 5 *b 

I 2 -T 

50-3 

10*5 


12 

14-2 

13*3 

& 4-5 

ii-i 

13 

14 

12-0 

21-5 

76-5 

! 12*8 

15 ,, 

16 

()*6 

39*4 

83-1 

• 14-6 

17 .. 

18 

6-5 

38-4 

89-6 

i6*4 

19 - 

20 

7*0 

4 J?'« 

96-6 

iS-b 

21 


3*4 

51-4 

1 

1000 

197 . 

i 
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These results indicate the possibility of the recovery of coal from 
the middlings made by another process of washing. Whereas the 
bulk sample contained nearly 20 per cent, of ash, 76 per cent, can be 
recovered as coal if an ash content of 12*8 per cent, is permissible. 

The H.H. Concentrating Table. — ^The H.H. table (Overstrom 
Universal), made by Messrs. Huntingdon Heberlein & Co., Ltd., 
is the only table which has been utilised to any great extent for coal 
washing in this country. It differs chiefly from the tables which 
have been described in the method of support and in the driving 
mechanism. It is shown in Fig. 132. 

The understructure (Fig. 133) is similar to that first used on the 
old Ferraris or Buss table, erected on the Continent. Instead of a 
rigid structure upon which the deck of the table moves backwards 
and forwards on some form of sliding or roller bearings, the deck is 
supported on flexibly wooden legs. On the H.H. table, ten laminated 
legs, compo.sed of strips of hickory wood or ash, form the supports 
for the framework of the deck. The legs are greased and wrapped 
with tape to preserve them. The wooden or steel floor beams, to 
which the legs are bracketed with steel angle-pieces, are braced by 
two cross-pieces and by a bumping block and post. 

The tops of the legs are bracketed to the shaking frame on which 
the deck itself rests. The shaking frame consists of longitudinal 
wooden or steel stringers adequately strengthened. In the latest 
models the shaking frame is a wooden flooring to which the deck is 
rigidly attached. The actuating mechanism is fixed to the shaking 
frame. 

On the Overstrom Universal table the deck itself was hinged 
between brackets attached to^the shaking frame along the tailings 
side, but along the feed side it rested on wedge, supporting pieces. 
The wedges were movable longitudinally by the operation of a hand- 
wheel, and by this means the feed side of the table could be raised to 
give the required transverse inclination. According to Grounds 
(Proc. S. Wales Inst, of Eng., 1927, 42, 545) the practice of 
equipping the H.H. table with an adjustable transverse inclination 
has been abandoned, and the tables supplied have a fixed slope, 
which varies according to the size of the coal. 'I'he inclination 
provided is i in 8-35 for | in. to o coal ; i in 7-11 for ^ to J in. coal ; 
I in 5*49 for i to f in. coal. At the refuse or concentrates end, and 
along the feed side, the deck is held rigidly in a locking device which 
prevents longitudinal movement between the deck and the frame. 

The ten wooden legs of the H.H. table, which act as springs, are 
inclined slightly towards the head mechanism. The consequence is 
that, as the table is thrown forward, the deck describes the arc of a 
♦ circle, rising slightly. This slight inclination, besides tending to 
cause the washing water to flow in a direction opposite to that of the 
refu.se, results in the agitation and better stratification of the bed. 

A complete H.H. table for washing small coal is shown in Fig. 132, 
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in which the curved shape of the riffling may be seen. The object 
of the curve is that the refuse, before passing to the discharge 
collector, passes up the slope from the feed to the coal-discharge side, 
and therefore moves against the water current. The coal entangled 
with the refuse is washed backwards by the water current, the refuse 
passing forward between the riffles because of the impetus given to 
it by the motion of the deck. The effect is similar to that produced 
in the curved portion of the deck of the Butchart table, and the 
raised portion of the Deister Plat -0 deck. For the larger sizes of 
coal, straight riffles may frequently be employed. There is often a 
slight tendency for the refuse to bank where its path bends upwards, 
and this is more especially the case with larger lumps. At Weetslade 
Colliery, Northumberland, where four H.H. tables have been in use 
for some time, the coal is.sized between the limits I to « in., to | in., 
f to J in. Curved riffles are used for the smaller sizes, and straight 
riffles for the larger size. • • 

For all sizes of coal, the height of the riffles decreases towards the 
refuse-discharge end to allow middlings particles to pass over the riffles 
and find their way towards the corner of the coal-discharge side. 
Their height and the distance apart vary according to circumstances. 
At Weetslade, one of the tables has been fitted with a rubber surface, 
and the riffles themselves are rubber faced on the side facing the feed, 
to prevent excessive wear. The remaining tables are covered with 
linoleum and fitted with soft wood riffles. For coal washing, a 
rectangular deck 15 ft. by 7 ft. is employed. 

The coal is fed to the table from a box near to the mechanism end, 
and washing water is supplied from a box running along the feed 
side. The feed consists of coal with one and a half times to twice its 
weight of water ; circulating watey is fed along the greater part of 
the table, and make-up water is supplied near to the refuse-discharge 
end. 

The actuating mechanism of the H.H. table is very simple. It 
consists of an unbalanced loose pulley, driven on a shaft fixed rigidly 
across the .shaking frame. As the unbalanced weight revolves, its 
centrifugal force imparts a reciprocating horizontal motion to the 
frame. The pulley is mounted between collars, on a shaft, which is 
clamped to a heavy steel (or wooden) yoke. At its other end, the 
yoke is fixed rigidly to the head end of the table framework. Two 
springs, one of which is just visible in Fig. 132, press at one end against 
the cross piece of the yoke. At the other end, the springs press 
against the top of posts hinged in castings in the floo^. The springs 
thus accelerate the forward stroke of the motion, but act as a cushion 
and retard the backward stroke. 

The forward stroke is terminated by a bumping bloc^ supported 
on the framework of the table, but rigidly fixed to the floor of the 
building. The bump occurs betiyeen the post and the cro.ss piece of 
the yoke. To soften the bump, the face of the yoke is padded \vith a 
cushion made of strips of canvas. Fyrther padding is provided by 
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pieces of canvas hanging from the head piece of the table and inter- 
posed between the bumping post and the yoke. 

The motion therefore consists of a forward throw by the loose 
pulley which is accelerated by the springs and is terminated with a 
bump by contact with the rigid bumping beam. The shock of the 
bump is absorbed to a certain extent by the pads of canvas, but the 
stroke is reversed sufficiently rapidly to cause the heavy material 
settled between riffles to be jerked along towards the discharge end 
of the table. When the stroke is reversed, the motion is retarded 
by the springs, thereby aiding a fairly smooth return and reversal 
to a second forward throw. 

The tension of the springs is varied by means of the handwheels 
shown in Fig. 132. The length of the stroke is altered by varying 
the tension of the springs, and also by renaoving one or more of the 
canvas strips hanging from the table and inserted between the pad 
on the yoke and the .bumping post. The length of stroke usually 
employed is to |- in. A longer stroke is required for larger coal or 
for coal containing a considerable amount of refuse. The weighted 
pulley is revolved at about 240 r.p.m., or at slightly higher speeds for 
smaller coal. 

One advantage claimed for the H.H. table is that, because of the 
inclination of the spring legs towards the head end, and the conse- 
quent upward throw of the table during the forward stroke, the 
length of the stroke imparted by a loose weight revolving at constant 
speed is automatically regulated to a certain extent with changes in 
feed. With a heavier feed, the stroke will lengthen and will shorten 
with a lighter feed. 

The Overstrom Universal table was used to a considerable extent 
for coal washing in America. •It has not, however, received the 
favour granted to other makes of table, 'i'his is -no doubt due in 
part to a prejudice against bumping tables. In comparison with 
jerking tables, with head motions of the Wilfley or Ueister type, 
bumping tables have been found in ore-dressing practice to be 
harmful to the structure of the building in which they are housed, 
and generally to be expensive in upkeep, because of the wear and 
tear involved. Moreover, the bumping action is found occasionally 
to interfere with good stratification of the bed. 

In the H.H. table, these objections are overcome by means of 
the canvas pad between the table and the bumping post, and the 
cushion springs, and by rigid supports. The shock experienced is 
then littlfe more than with a jigging screen. 

The capacity of the H.H. table with different sizes of coal is as 
follows : — 


Size Capacity 

(in.) tons per hr.) 

^ to 2 . ... . 15 

g „ i ■ . . . 10 

i' ’> • ' • • • 5 
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The washery at Weetslade Colliery, Northumberland, is shown 
in section in Fig. 134. The raw coal is delivered from the colliery 
screening plant into the receiving hopper, which has a capacity of 
20 tons. It is delivered into the buckets of the raw-coal elevator 
by a jigging feeder and elevated to a storage bunker at the top of 
the washery building. From the bunker, it falls on to vibrating 



screens which divide it into four sizes, namely, I to g in., | to in.. 
2 to 2 in. and J in. to o. Two sets of screens of the H.' H. Overstrom 
vibrating type are installed, each with a capacity of 50 tons per hour. 
Tlie sized fractions are fed to feed hoppers placed adjacent to the 
tables. • 

The two largest sizes of coal are treated on separate tables, the 
I to J in. fraction being divided* and washed on two other tables. 
The J in. to 0 fraction is by-passed and is not washed. The wa^ied 
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coal passes from the concentrating tables over dewatering screens, 
attached to the delivery ends of the tables, on to a conveyor, which 
collects and combines all three sizes of washed coal. The unwashed 
I in. to o fraction is mixed with the washed coal on the con- 
veyor. The refuse from the tables passes down shoots to two 
dirt conveyors, shown extending from the right of the building 
in Fig. 134. 

The plant, with a total capacity of about 40 tons per hour, is 
driven by one 50 h.p. motor, separate motors being provided for 
the raw-coal elevator and the water pump. The pump motor is 
20 h.p., and the pump is capable of delivering 500 gallons per minute 
against a head of 65 ft. 

Results of washing on H.H. tables, given by Grounds {loc. at.) 

are reproduced in Table 92. The coal was from Lancashire. 

& 


Taplk 92. — Results of Washing. H.H. Table 



Kaw Coal. 

Clean Coal. 

Middlings. 

Refuse. 

S.G. 

l*cr cont 

Ash 

1 ’cr cent 

Ash 

1 

! Per cent Ash 

Percent. 

Ash 


of 

per 

of 

per 

' of per 

of 

per 


Sample. 

cent. 

Sample 

cent. 

Sample, cent. 

Sample 

cent. 

< 1*4 • 

55-3 

3*3 

969 

2*5 

i 57 1 K'-o 

! 

0*1 

5-^> 

1*4 to 1-6 1 

4.4 

t8*o 

^•5 

23*0 

1 15-4 , 29-9 

()-j5 

22-0 

> 1-6 . ; 

4<>-3 

82*1 

0*6 

42*0 

78-9 617 

1)075 

f^ 4-3 

Total . ' 

100*0 

35*7 

^00*0 

3*2 

loo’o ' 53*8 

100*0 ' 

84*1 


These results of washing are very good, the clean coal contains 
very little true refuse', and the refuse practically no coal. The raw 
coal, however, is an easy one to wash, for although it contains 
35*7 per cent, of ash, the ash is concentrated in a very heavy fraction. 
In this test, nearly 6 per cent, of the coal was collected as a separate 
middlings fraction containing 53*8 per cent, of ash. The coal treated 
was in. to o. 

An H.H. table has been in operation at ‘Barnsley Main Colliery 
for over two years washing the slurry made in a Baum washery. 
The slurry is partially dewatered on a | mm. screen and is fed to the 
table at a rate of about 5 tons per hour. The heaviest dirt particles 
are removed and the washed slurry is collected and mixed with the 
coking slack. From the 5 tons of slurry fed p(*r hour, 18 cwt. of 
refuse are removed with an ash content of 50 i)er cent. 'Fhe refuse 
from the table passes by a shoot directly to the boot of the dirt 
elevator in the Baum washery. The raw slurry is delivered to the 
tabic by a slurry pump and passes from the dewatering screen into 
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the table feed-box. ’ The water supplied to the table is the make-up 
water for the Baum washery (about 7^ tons per hour). 

The tablets a standard table with a slightly modified system of 


riffling, and it gives satisfactory 
results even when fed at four 
times the load for which it was 
designed (i ton per hr.). 

The Broadway Table. — ^The 
Broadway table, made by Messrs. 
Bowes-Scott and Western, Ltd., 
is an adaptation of their well- 
known ore-dressing table for 
the purpose of washing small 
coal. The table is sho>^n in 
Fig. 135 and the driving mecha- 
nism in Fig. 136. 

The deck is 16 ft. long by 6 ft. 
wide, and is covered with lino- 
leum to which teak riffles are 
attached. The principal feature 
of the table is a lateral rocking 
movement in addition to the 
customary reciprocating longi- 
tudinal motion. The rocking 
assists the light coal particles to 
pass over the riffles without dis- 
turbing the layers of dirt below. 
By this means, the capacity of 
the table is increased. 

The driving mechanism con- 
sists of a cam-shaft, and the 
motion is transmitted to the 
table by a steel yoke, one end 
of which is fastened by a hinge- 
pin bracket to the table, the 
other end being attached to the 
headgear. The forward stroke 
is accelerated by a pair of strong 
springs, which cause a rapid 
reversal and a retarded backward 
motion. About 250 strokes are 
made per minute. The rocking 
motion is produced by a longi- 



tudinal cam-shaft, driven by an enclosed spiral-worm geapfrom the 


main-shaft. 


The deck is supported on roHers working in guides on cross 
pieces ; the reciprocating motion moves the deck in the guides and 


320 


THE CLEANING OF COAL 


the lateral motion is applied to the cross pieces, which act as a 
rocking frame. The understructure consists of three concrete 
blocks for the table and one for the driving mechanism. 

The table erected at the Garswood Hall Colliery, Lancashire, has 
been in operation for nearly a year. The coal treated is fines 
through a in. screen with which a capacity of about 4 tons per 
hour can be attained. Before being fed to the table, the coal is fed 
into a cylindrical vessel in which it is mixed with water by a re- 
volving paddle. This ensures proper wetting of the particles. The 
results of washing are as follows : — 

Ash content 
per cent. 

Raw coal .... 29-5 

Washed coal . . . .9*4 

Refuse . . . . .78*7 

Another Broadw&y table installed at Plean Colliery is used for 
rewashing a portion of the dirt from a Lxihrig jig washer. On 
account of segregation, the material delivered from the buckets of 
the dirt elevator is richer in coal at one side than at the other. The 
richer portion is passed by a shoot to a Broadway table. The float 
and sink analysis of the feed and of the products is given in Table 93. 

Table 93. — Rksui/i's of Trp:ating Jig-washery Refuse 
ON Broadway Tablf:. Averagjc of Two Tests 


Material. 

Weight % 
of Total. 

% Ash. 

S.(L < 1-4. 

S.G. 

1-4 — 1-6. 

S.G. > 1*6, 

Feed . 

1000 

» 

4<)i i 

35-4 

' 3-8 

6o-8 

Clean coal 

25-0 

5-1 1 

93-q 

4-6 

1-5 

Middlings 

15-4 

25-4 

53-6 

12-2 

34-2 

Refuse 

59-(> 

71-2 

2-4 

2-2 

95-4 


Miscellaneous Concentrating Tables. — Among other tables 
which are in use for ore-dressing are the James table and the Record 
table. The James table has not, so far as we know, been used for 
coal-washing, but its design is interesting bc'cause, in some' forms, 
the deck consists of different planes, upon which different degrees 
of separation are effected, and the riffling and differential motion 
are, as on the Deister-Overstrom table, inclined at an angle of 30 
degrees to the sides. It is used with a small stroke (about ^ in.) and 
a rapid rate of vibration (about 300 per minute). The James sand 
cable is riffled with brass strips in. high and g in. wide, whereas 
the slime table is unriffled. 

The Record table, which also, so far as we know, has not been 
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used for coal-washing, has an ingenious head mechanism. The deck 
is in many respects similar to that of the Wilfley table, but the under- 
structure is unusual, consisting of a wooden framework topped by 
two horizontal beams upon which the deck slides to and fro. A 
diagram of the differential motion is given in Fig. 137. The driving 
crank revolves about a shaft 
at regular speed, its various 
positions being shown by the 
numbers i to 8. The motion 
is conveyed to the following 
crank by a drag link, and the 
resulting irregular angular 
movement is represented by 
the corresponding position^ i 
to 8 shown. By this means 
the shaft upon which the 
following crank revolves is 
driven at an irregular speed. 

The table is driven by an 
eccentric attached to this shaft 
and, instead of a purely harmonic motion as the eccentric alone 
would produce, a differential motion results. The distance between 
the two shaft centres is 3^ in., and the drag link is a little longer 
than this. 

The length of stroke of the Record table is about 3^ in. and the 
rate about 100 per minute. In practice it is said that classification 
of fine material is inaccurate, and that it is, therefore, only satis- 
factory as a roughing table. 

» 

GENERAL CONSIDERATIONS 

(Concentrating tables are used universally in ore-dressing, chiefly 
with material too fine to be treated in jigs, or for the further enrich- 
ment of jig products, and especially for the recovery of '' values " 
from the middlings product of a jig, either after crushing or without 
crushing. Their use is justified by the value of the ore. Probably 
also, in cleaning a coal containing large quantities of middlings, the 
collection of a middlings fraction and its re-cleaning on tables after 
crushing would be a more profitable operation than is usually 
considered to be the case. In America, where in certain States it is 
necessary to mine dirty seams, and where washing is, a necessary 
practice {e.g., in Washington and Alabama), it is quite common to 
find concentrating tables as accessories to jigs for the treatment of 
uncrushed middlings. 

In England, the applicability of table concentration is probably 
not yet fully appreciated, largely because many of the plants which 
have been installed can only be regarded as experimental plants. 
They have been, as a rule, supplied by the makers of ore-dressing 



Record Table. 
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appliances, who, themselves, have had little direct experience of 
coal cleaning. In many cases the use of tables has proved entirely 
satisfactory, and there is little doubt that, for the treatment of fines, 
they are an important alternative to other methods. 

It will be observed that all the tables described are said to be able 
to treat efficiently unsized material from, say, J in. to o. This 
claim can be justified by results provided that the material consists 
largely of pure coal and pure dirt particles. If there is a consider- 
able amount of material intermediate in density between the two, 
then the cleaning is not al>Vays satisfactory, because coal and shale 
are both trapped among the middlings product and are carried in a 
given direction on the table much further than would otherwise be 
the case. If this middlings product is only present in small quanti- 
ties, a good separation can be effected ; the recovery of coal is high 
and the heavy refuse is almost completely removed. In America, 
tables are chiefly employed in those coalfields where the coal con- 
tains relatively large quantities of an impurity known as “ bone 
coal. Bone ” is a material of fairly uniform composition and high 
ash content ; its specific gravity falling between 1*5 and i*8. In 
England, coal between S.G. 1*5 and i*8 almost invariably consists 
of interstratified particles of coal and shale, which can be separated 
by crushing. American bone-coal, however, is uniform, and its 
quality cannot be improved by crushing. If the fines contain large 
quantities of bone-coal, no cleaning process can effect a considerable 
reduction in the ash content without a considerable loss of com- 
bustible matter. 

Bird Bureau of Mines,"' Rep. of Investigations, No. 2755, 1926) 
in a study of the sizing action of a coal-washing table shows the 
difficulty of treating an uncVissificd feed with a high content of 
bone-coal. He found that particles of coal (S.G., < 1-38) could just 
be separated from light bone (S.G. 1*38 to 1*50) if the ratio of the 
diameters of the particles was 4 to 3. Similarly, a sizing ratio of about 
3 to I would be required if the coal were to be separated completely 
from the dirt (S.G. > 170). He suggests that, before treatment on a 
concentrating table, raw coal could advantageously be classified in a 
hindered-settling classifier. 

In a later paper (‘* '' ‘ ‘ , 31, 670), Bird describes 

experiments using modified systems of riffling by which the efficiency 
of washing a coal with a high content of rnaterial of S.G. 1*38 to 170 
is considerably increased. The modified riffling, which consists 
largely -of introducing a larger number of riffles of greater height 
than the average, and of placing them closer together than is usual, 
enables a wider range of sizes to be treated simultaneously. It is 
evident, however, that with a coal fairly easy to wash, and under the 
most favourable conditions of operation, some degree of preliminary 
sizing of the raw coal is required if a high efficiency is to be attained. 
Probably a ratio of about 6 to i is the maximum, and this ratio will 
be* reduced if the coal is rich in middlings. 
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In ore-dressing practice tables are used for treating the finest 
slimes, down to 200 mesh size. The results quoted for the Deister- 
Overstrom table, washing anthracite from in. to 200 mesh, in 
which the ash content was reduced from 29 per cent, to 9-5 per cent., 
amply justify the claim that tables offer a promising means of 
cleaning many examples of slurry, particularly if a special slime table 
be employed. Consequently, it is reasonable to suggest that a com- 
plete washery might be equipped with some suitable plant for clean- 
ing large coal and concentrating tables for cleaning the fines, and 
that every size of the coal would, there'fore, be efficiently cleaned. 
There are advantages in such a scheme in that tables require little 
horse-power, the supporting structure can be made lighter than for 
jigs, and the washery building need not be so massive. With modern 
smooth-acting tables there is little wear and tear, either to the 
machinery or to the building, and the capacity for a given floor 
space is high. 

A great advantage of tabling is that the process is visible to the 
operator. Not only can he often tell by inspection when an adjust- 
ment is required, but he can see immediately the qualitative effect 
of that adjustment. On the other hand, in a large plant of, say, 
150 tons per hour capacity, the individual units are distributed 
over a wide area. For this reason, more supervision is probably 
necessary than in a jig washer of the Baum type which can efficiently 
treat large quantities of unsized coal in one or two boxes. Concen- 
trating tables do not deal efficiently with an irregular and inter- 
mittent feed. If the amount of dirt falls, coal moves further across 
the table than usual, and if the amount of dirt is restored to the 
normal, coal is lost in the refuse. With an increased proportion of 
dirt, the spaces between the riffles is ^lled and the washed coal con- 
tains particles of 4 irt. When the feed is irregular, especially if the 
teed is periodically interrupted, the whole load moves forward across 
the table towards the refuse-di.scharge point, and the working is most 
unsatisfactory. 

Deck Covering and Riffling. — Nearly all the tables described 
are covered with a .sheet of J in. linoleum, to which wooden riffles 
are tacked. Linoleum is durable, light, and impervious to water. 
It seems to exercise just the right hold on the particles and to be in 
every way satisfactory. Usually a linoleum covering lasts for two 
or three years without replacement, but the riffles wear and require 
renewal every few months. Thicker linoleum ({ in.) has been tried, 
but its greater expense and the lack of suppleness in laying, make it 
unprofitable. Rubber covering for the deck has been tried, and 
although it is used successfully in certain instances, it is not accepted 
in general practice as a satisfactory substitute for linoleum. The* 
particles have a tendency to stick to the rubber and the refu.se (in 
ore-dressing, the concentrates) are not properly and freely discharged ; 
moreover, il, by accident, a little oil is spilled on the rubber surface, 
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the rubber swells and forms a bump, which can be very harmful to 
efficient washing, and which cannot be removed by any known 
means. Glass surfaces have been used, with glass riffles or ridges 
incorporated in the surface. Concrete tops have also been employed, 
but they are heavy and require wooden nailing strips as seats for the 
riffles. 

The riffles laid on the surface of concentrating tables are square- 
sectioned strips of wood nailed to the deck. In certain ore-dressing 
processes, where shallow riffles are required, strips of brass are fre- 
quently used, but they are’cxpen.sive. Wooden riffles last, usually, 
for some months, and a table can be relaid in a few hours at little cost. 
As a rule .soft pine wood is employed for riffles, but for coarse feeds, 
and therefore frequently for coal washing, oak is more satisfactory. 
Hard wood, however, has a tendency to^chip at the edges. Softer 
wood, being more resilient, does not .suffer from this defect. P"or 
certain operations, ^.specially when treating very fine slimes, a pre- 
ference is sometimes shown for grooves sunk into the surface of the 
table instead of riffles raised above it. This is the chief feature of the 
design of the Card table. The grooves, instead of being square- 
sectioned, have a flat angular .section with a gentle .slope downwards 
in the direction of the flow of the water current and a .slightly .steeper 
incline against the water current. They are deep near to the head 
end of the tabic, and taper until they vanish towards the concen- 
trates end. On a grooved deck the eddy currents, which always 
arise on a riffled deck, are eliminated, and, for this rea.son, a grooved 
deck would appear to be particularly suitable for slurry washing. 

Slimes. — When a table is set to treat an uncla.ssified feed below, 
say, I in., difficulty is sometimes experienced in that the finest 
particles tend to form a slime which, instead of stratifying, runs 
across the head side of the table and is delivered at the first portion 
of the coal discharge (or tailing.s) side. The particles which con- 
tribute to this slime are smaller than the average particles in washery 
slurry, being usually small enough to pass through a 200 mesh sieve, 
and they are frequently very dirty. I'heir actual constitution 
depends essentially upon the nature of the coal. They may, for 
example, be the product of disintegration of the .shale when it comes 
into contact with the washing water. On the other hand, if the 
coal has been cru.shed, they may consist almost entirely of coal. 
Obviously, if these slimes are very dirty, they must be kept apart 
from the cleaned coal by using a suitable de-watering screen. 

The effect of the presence of slimes in the washed coal is plainly 
shown in the following results published by McMillan and Bird 
{loc. cit.) 

In the second example there were a further 10 subsequent zones 
showing progressive increases in ash content. In each of these 
examples, the product in the first zone is contaminated with dirty 
slimes which have run down the edge of the table. This is especially 
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; Issaquali Coal. Uaw Slack, to in. 


Weiglit per cent. 

A.sh per cent. 

Zone No. 1 . . . . 

1 

7-1 

14*0 

^ ... 

' 187 

0-2 

3 • 

10-2 

7-8 

„ 4 • • • • 

4-5 

8-2 

5 • 


g-c) 


4<>-4 

34-^ 


Wilkeson Coal. 


Jig Wa»hery 'Refuse, 


Weight per cent. 

Ash ptT cent. 

Zones I to 4 — 



Through 20 mesh 

2-4 

437 

On 20 mesh 

2'U 

g-6 

Zone No. 5 . 

7*4 

11*6 

„ 6 . 


I2-() 





inarkc'd with the test on Wiikesun wasliery refuse where the through 
20 mesh material 111 the bulk sample.froni the first four zoiic‘S con- 
tains 43-7 per cenL of ash and the over 20 mesh material contains 
only per cent. 

Slurry.- -I'hc* treat imml of the slurry produced in jig washers 
on specieJ “ slime ” tables is worthy of thorough invc^stigation in 
this country. In America, where the coke ovens are not situated 
at the ccjllieries, slurry is frequently thrown away because it is of no 
value. Tn England, however, the recovery of th(' coal particles in 
slurry for supply to the ('ok(‘ ovens is desirable, but, for this purpose, 
the slurry must be clean. 

As illustrating the possibilities of slurry treatment by tabling 
the experiences of the Renton Coal Co., of Washington State,*U.S.A. 
(Coal Jgc, iq2i, April 28, 741), on the washing of slurry on Deister- 
Overstroin tables, iind of the Allerdale Coal Co., Ltd., Cumberland, 
on >1.H. concentrating tables are interesting. At Allerdale the 
slurry cojitained betwecni J5 and 37 per cent, of a.sh, and this was 
reduced to considerably under half. 

At Renton, live tables were erected to treat a pond containing 
200,000 tons of sludge. The raw material contained 28 to 30 per 
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cent, of ash, and this could be reduced on the tables " to lo per 
cent, without losing an appreciable amount of clean, coal in the 
refuse.” 

Fig. 138 is a photograph of a Dcister-Overstrom table treating 
material from ^ in. to 0. In operation, this particular table at 
Coaldale, Pennsylvania, treats the underflow from a settling tank. 
The feed consists of material containing 23 to 26 per cent, of ash, 
which is separated into washed coal with about 17 per cent, of ash 
and refuse with about bo per cent. The capacity on such a feed is 
5 tons per hour. 
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CHAPTER XVII 


DRY cleaning: pneumatic jigs. 

THE EFFECT OF WASHING WATER IN WASHED COAL 
USED FOR VARIOUS INDUSTRIAL PROCESSES 

One of the commonest arguments in favour of cleaning coal is 
that part of the cost of handling and transporting dirty coal is a 
direct loss to the consumer because the mineral matter in coal has 
no value. The water remaining in coal after washing is equally 
valueless, and all the cost of handling and transporting the water 
in wet coal is a direct loss to the consumer. On this score, indeed, 
there is no advantage whatever in reducing the ash content of a 
coal by cleaning it and simultaneously increasing its moisture 
content by an equivalent amount. Assuming the same efficiency 
of refuse removal, at the same cost, dry cleaning holds a considerable 
advantage over wet washing on the grounds of the cost of delivery 
to the consumer. Unfortunately, on the smaller sizes of coal, dry- 
cleaning processes are not so efficient as wet processes. 

Apart from the factor of transport cost, the use of dry coal for 
many industrial purposes is preferable to the use of wet coal. Tbe 
greatest advantage may be in the coking industry. In Great 
Britain and Continental Europe almost all the coal used for coking 
purposes is previously cleaned by a wet-washing process. Washed 
coking slack (less than, say, | in. in size) on drainage for twenty- 
four hours in bunkers will still contain about lo per cent, of moisture. 
'I'he slurry, which is usually mixed with the coking slack and charged 
to the ovens, will retain about 30 per cent, of water. 

It may therefore be assumed that, on the average, washed slack 
contains at least 10 per cent, of added water, and that, in a normal 
21 in. oven of 10 tons capacity, at least i ton of water is charged 
with the coal. This water is evaporated and tlie resulting steam 
superheated to, say, 200° C. before leaving the oven. For this 
purpose 2,688,000 B.Th.U. are required. It is known that, in a 
wide (21 in.) oven, the rate of supply of gas for heating is approxi- 
mately 1,250 cubic feet per hour, the gas having a heating value 
of about 500 B.Th.U. per cubic foot. With a coking time of thirty- 
two hours, 20,000,000 B.Th.U. is generated in the flues*. Of this 
quantity it is known that only about 50 per cent, passes through 
the oven walls and into the charge during the upstream and down- 
stream flow of the burning and burnt gases. The removal of* the 
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, . 4. XU x . 2,688,000 X 100 , 

washing water therefore requires ^ or nearly 27 per 

^ ^ X 20,000,000 ^ 

cent, of all the heat supplied to the coal charge. In a' coking time 
of thirty-two hours this is equivalent to eight and a half hours for 
water removal alone. A reduction of the water from 10 to 3 per cent, 
would reduce the coking time by six hours. 

In more modern ovens, using higher flue temperatures and greater 
rates of gas supply (5,000 cubic feet per hour), the coking time is 
about sixteen hours, and charges of 14 tons may be used, containing 
1*4 tons of water. Of the 20 million B.Th.U. passing into the charge, 
about 19 per cent, is used up in removing the moisture, and this is 
equivalent to about three hours of the coking time. 

The effect of the added washing water is not only to increase 
the coking time, but also to reduce the amount of surplus gas avail- 
able and to introduce additional sources of expense. In the example 
given, 10,752 cubic feet of fuel gas are wasted in removing washing 
water from the wider oven ; if this were not necessary the amount 
of surplus gas available would be increased from, say, 50 per cent, 
to 62 per cent, of the total (assuming 10,000 cubic feet of gas per 
ton of coal), with a possible corresponding increase in revenue. 
The washing water leaving the oven as steam must be cooled in the 
condensing plant, and in the direct and semi-direct processes of 
ammonia recovery, this demands an increased cooling surface and 
an enhanced consumption of cooling water. The wa.shing water, 
after condensation, appears in the ammoniacal liquor, and must 
be elevated and stored before passing to the liquor stills. Here it 
is reheated nearly to boiling-point. Finally, tliis large bulk of 
water, freed from ammonia, creates a further problem in its disposal 
on account of its phenol content. Such a “ noxious effluent 
cannot be run into rivers, and special means must sometimes be 
. employed for its purification. 

In the direct ammonia-recovery process the water is not con- 
densed until after the ammonia has been extracted, but the steam 


must eventually be condensed and the condensed water is still 
classed as a noxious effluent because of its naphthalene content. 

There are, however, certain advantages in the use of wet coal 
in coke-oven practice, for the ammonia yield is said to be increased 
by several pounds per ton of coal. As, however, the market value 
of sulphate of ammonia is declining owing to the success of the 
synthetic ammonia process, this factor is becoming of decreasing 
importance. Moreover, the benefit of a higher yield of ammonia 
is more than counterbalanced by the fact that the lower tempera- 
tures in the oven, caused by the presence of water, result in reduced 
rates of heating and a decrease in the yields of gas, tar and benzol. 

The vf^e of dry coal, however, introduces several practical 
difficulties in coke-oven operation which do not arise, or do not so 
readily arise, if the coal charged* to the ovens is wet. With dry 
coal there is a much greater formation of retort carbon, and fine 
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dry coal tends to be carried up the ascension pipes, causing trouble 
with stopped pipes, and with the valves. In extreme cases, fine 
dry coal collects in the hydraulic main, increases the difficulty of 
keeping it clear, and contaminates the tar. Salty coals are not so 
harmful to the walls of a coke oven if they are dry as they are when 
charged wet, but this advantage is partly outweighed by the fact 
that, during wet washing, some of the salt is removed from the coal 
by solution. Moreover, the quality of the coke may not be so 
satisfactory when dry coal is used. For example, when dry coal 
of high volatile matter content is coked in very narrow (14 in.) 
ovens, the coke tends to be spongy at the centre of the oven, whereas 
wet coal produces a satisfactory coke. 

The disadvantages of using wet coal, although serious in coke- 
oven practice, are still more pronounced in the manufacture of 
coal gas, so that only a sinall proportion of the coal used in hori- 
zontal retorts is washed. If gas coal for carbonisation in horizontal 
retorts could be efficiently cleaned without wetting, the range of 
coals available for use would be extended, the resulting coke would 
be more saleable, and the output of gas per retort would be increased. 
The reduced amount of pan ash for disposal would also effect a 
saving, and in some gasworks situated in cities and large towns 
the saving would be considerable. 

The presence of large amounts of water in coal is also a dis- 
advantage for other industrial processes, for example, in boiler 
firing, either by hand or mechanical stoking or by pulverised fuel. 
The evaporation of the water reduces the fuel efficiency, and in the 
use of pulverised fuel the moisture may have a harmful effect on 
the brickwork of the combustion chamber, and usually the C'»al 
must be diied before it can be satisfactorily pulverised. In metal- 
lurgical furnaces a high content of steam in the atmosphere of the 
furnace frequently has a harmful effect, being in part responsible for 
the scaling of billets in a rc*heating furnace. 

In the actual process of the removal of refuse from coal there 
are several advantages of air as the separating medium rather than 
water. In thc^ first place, the availability of the supply of the 
separating medium offers no difficulties, and, if the air can be satis- 
factorily filtered to remove the dust i)articles, no question of its 
disposal arises. In many British and other collieries the supply of 
water is not abundant, and the disposal of the waste washery water is 
not always easy. Air-cleaned coal has a bright, clean appearance ; 
water-washed coal dovs not always preserve its lu strops appearance 
unless it is sprayed with clean water. The greatest difficulty 
experienced in wet washing, however, is the formation of sluny. 
Slurry is always a troublesome material, and when the coal is of 
inferior coking quality its disposal raises a difficult problem. If^ 
the coal washed is a good coking coal, the slurry is usually mixed 
with the washed coal and charged* to the ovens, this being thought 
to be the easiest method of disposing of it. Unless it is washed in a 
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special slurry washer, slurry usually contains about 20 per cent, 
of ash and 30 per cent, of water, and much of the remaining 
material consists of non-coking fusain. Slurry canno't be evenly 
mixed with the coal and the aggregates of slurry in the oven charge 
increase the coking time, do not contract from the oven walls, 
thereby causing “ stickers " and interfering with pushing schedules, 
and the coke formed is weak and crumbles to breeze. 

On the other hand, the dry dust separated from coal before or 
during dry-cleaning is not easy to collect. Low pressure fabric 
filters have been used with some success, but it would seem desirable 
to use some form of dust separator employing a closed system with 
re-circulation of the air. The disposal of the dust, which is not 
cleaned, is also a matter of difficulty unless the colliery is equipped 
with pulverised fuel boilers. It must otherwise be transported in 
sacks or in tank wagons and sold in a market in which, at present, 
there is a limited demand. It would seem, indeed, that the collection 
and disposal of dry and dirty coal dust is, at present, as difficult a 
matter as the disposal of dirty slurry, and a greater difficulty than 
the dispo.sal of clean slurry, which, well mixed with a coking slack, 
does not materially impair the quality of the coke. 

It is difficult to place a monetary value on the advantage of dry 
rather than wet cleaning, for it depends entirely on the nature of 
the coal and its ultimate use. With nut coal, from which the 
water can drain almost completely, there is little, if any, advantage, 
and the choice between a wet and a dry cleaning process depends 
upon the cost and efficiency of the operation. With small coal, how- 
ever, there may be, for the majority of purposes, a certain advantage, 
but in the present state of our knowledge, a true comparison of the 
relative values of dry and wej coals for coke manufacture cannot 
be given. For boiler or furnace heating, if washed smalls and slacks 
are used an excess moisture content reduces the heating value of 
the fuel by more than the percentage of water present, for the water 
is not only itself wa.ste, but it requires heat to evaporate it and bring 
it to the flue gas temperature. 

In certain parts of America, where the winters are cold and the 
coal must travel some distance by rail, a truck (or car) of coal 
which has been washed by a wet process arrives at its destination 
as a frozen mass, and to unload it is a very difficult problem. It is 
so difficult that some mines can only ship their coal in the summer, 
and others confine their sales during the winter to markets that 
will take unwa.shed material. In certain other States where it is 
necessary to clean the coal, there is no water available for the 
purpose, and dry cleaning is again a necessity. 

DRY CLEANING PROCESSES 

Appliances for the dry cleaning of coal were first introduced 
about 1850, and since that date & variety of methods has been em- 
ployed. These may be classified into four groups, viz. : — 
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1. Methods employing stationary devices with continuous or 
intermittent air currents. 

2. Methods employing reciprocating devices with continuous or 
intermittent air currents. 

3. Methods in which separation is effected by virtue of differences 
in coefficients of friction. 

4. Methods in which separation is effected by centrifugal force. 

There are certain dry processes of. separation of dirt from coal 

which do not fall strictly into any one of these four classes. Certain 
of them [e.g., spiral separators) depend partly on centrifugal force 
and partly on friction, others {e.g., the process recently invented by 
Messrs. W. H. and S. R. Berrisford) depend partly on friction and 
partly, it is stated, on the greater resiliency of coal than of shale 
These processes will be described under the third group, for it is 
probable that the influence of friction plays the greatest part. 


STATIONARY DEVICES USING AIR CURRENTS 

Included in this class are two types of appliance, namely, 
pneumatic or air jigs, employing an intermittent air current, and 
devices employing a continuous air current in either a vertical or a 
horizontal direction. In an air jig the pulsating air current causes 
a stratification of the bed through which the air passes. In hori- 
zontal or vertical blowers, a continuous current of air crosses a 
stream of particle.s projected in a direction normal to it and causes 
a differential displacement of the light and heavy particles. Neither 
pneumatic jigs nor blowers have been used extensively either in 
coal cleaning or ore dressing, but each type has been used to a certain 
extent. • 

The theory of pneumatic separation is identical with that of 
separation in water except that the different specific gravity of 
the medium must be taken into account. The theory of separation 
of coal from dirt in a medium of water was described at length in 
Chapters III and IV. It was shown that an upward current of 
water would maintain a given particle in su.spension if the speed of 
the water current were equal to the tenninal velocity of fall of the 
particle in still water. Similarly, a particle may be supported by 
an upward current of air if the air has the .same speed as that at 
which the particle would ultimately fall in air (a speed which is 
not infinite on account of the viscous resistance of the air). In an air 
jig, an air current is forced intermittently through a bed of particles 
and the coal particles are unable to fall against the current. The 
dirt particles, being heavier, are able to work their way to the lowest 
layers. When stratification has thus been set up, various jneans may 
be employed to separate the layers. * 

In Chapter IV it was stated ^that the phenomenon of hindered 
settling probably has a considerable influence in determining the 
speed of water current necessary to cause separation and the ratio 
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of sizes that can be separated. Its influence is probably equally 
important when air is used as the separating medium, but at present 
the phenomenon is not understood and it is impossible to evaluate 
its effect numerically. It is, however, known that the feed must be 
more closely sized when a pneumatic jig (or dry cleaning table) is 
used than when separation is effected by similar appliances using 
water as the separating medium, and the ratio of the degrees of 
sizing necessary is suggested by the formula 

r, ^ s'a - s 
>2 Si - s* 

y ^ j 

In water, s = i and X — -g — 5*0 for dirt (S.G. 2*5) and coal 

^2 ^1 I 

(S.G. 1*3). The specific gravity of air is relatively negligible, and 

Y * 

putting s = 0, — = 1-92. 

^2 

The Krom Pneumatic Jig. — The Krorn jig was first introduced 
in the United States and was patented in England in 1874 It was 



Fiti. i3(>. — The Krom Pneumatic jig. 

qsed for tlie treatment of ores which tended to assume the form of 
thin plates, and which, especially if not properly wetted, floated 
across the water on the top of the bed. It has also been used in New 
Mexico for coal cleaning. 
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It consisted of a sieve, upon which the feed was separated into 
layers of light and heavy particles by the action of a pulsating air 
current passing upwards through it. The jig is shown diagram- 
matically in Fig. 139. The ore was fed from the hopper on to a sieve 
composed of tubes of wire gauze. The wire gauze tubes were open 
at the bottom but perforated on the top and sides, and were spaced 
apart. I'he feed worked its way into the interstices between the 
tubes, where the intermittent air current caused its lighter con- 
stituents to pass upwards. The concentrated ore passed between 
the tubes into the reservoir, which was* maintained full of material. 
The material in the sieve therefore rested on the bed of concentrate 
in the re.servoir, and only the heaviest of its particles could fall down 
into the reservoir. The discharge from the reservoir was controlled 
by the rotation of the flutfd roller. 

'Fhe air current was produced by the oscillation of a piston 
.ihout an axis at a rate of about 400 strokes per giinute. The capacity 
of the jig was about I ton 
per hour. Although the 
Krom jig is said to have 
been efficient, it has not 
found great favour because 
of its low rapacity and 
because it required a large 
volume of air. 


The Plumb Pneuma- 
tic Jig. — riiis appliance 
is illustrated diagramma- 
tically in Fig. 140. The 
Jig consi.sts of a cast-iron 
trough, 2 to 3 ft. long and 
3 in. wide, fitted with a 
sieve, upon which the material rests, and an air chamber beneath 
the sievt\ Air impulses are created by a fan, the current being 
admitted intermittently by means of a rotating valve. The pulsa- 
tions number 400 to 500 per minute at a pressure of 10 to 30 lb. 
per sq. in. at the valve, the higher pressures being used for larger 
material. 

The feed, which requires rather close sizing, is supplied by a 
shoot at one end of the box and the air impulses cause it to stratify 
with the lighter material in a layer uppermost. The lighter particles 
are discharged over a lip along one side of the bok ; the heavier 
material passes under a vertical gate running longitudinally along 
the box, with its lower end slightly above the sieve, and is discharged 
over a lip along the other side. The lip on the tailings-discharge sids 
is higher than the lip on the concentrates-discharge side, so that the 
levels on each side of the gate are 'balanced. 

J'he air chamber has sloping sides, forming a tapered vessel, into 



Ki(.. 140 -The PJumb Pneumatic Jig. 
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which some of the finest ore particles fall. They are discharged from 
bottom openings by removing stoppers at intervals. The air is 
admitted from two mains along one side of the box. 

The Plumb jig has been used in America for the dressing of ores 
passing a 12-mesh screen (about in.) ; with material of this size, a 
box 3 ft. long and 3 in. wide had a capacity of under i ton per hour. 
Close sizing is required for efficient operation, but the jig is said to 
be incapable of treating material above about in., and to be 
unsuccessful with very fine materials. 

The Paddock Pneumatic Jig. — The Paddock pneumatic jig, 
shown in Fig. 141, was introduced in the United States about 1888. 
It was similar in principle to the Krom and Plumb jigs, stratification 
being produced by means of an intermittent air current forced 
through a perforated plate, upon which the material rested. The 
current was produced by a bellows worked by two eccentrics running 
at 450 r.p.m. 

The Paddock jig had several features resembling a table rather 
than a jig. Indeed, a modification of the Paddock appliance, which 
is similar in principle and differs only in details (the Hooper-Paddock 
air-jig) is often called a pneumatic table. 

The sieve or perforated deck on to which the material was fed 
consisted of an iron grating or grid, over which a piece of stout 
broadcloth was stretched. On the broadcloth, a diagonal brass 
grating rested, giving the deck a riffled appearance. 'I'he strips of 
this grating were about | in. high. Above them a second brass 
grating was placed, the strips of the upper grating being almost at 
right angles to those of the lower grating and about 2 in. high.* 

In the Hooper-Paddock jig,^the lower set of brass strips are to 
I in. high, in. wide, and spaced | to rj in. apart. The upper set 
of strips are 3J in. high, in. thick and | to in. apart. The two 
sets arc set diagonally to each other and at angles of 30 to 43 degrees 
with the side of the frame. 

'I'he feed of coal or ore is supplied to the surface from a hopper 
at one end of the deck, and the products are discharged over a lip 
at the other end. The blasts of air through the deck cause the feed 
to stratify ; the heavier material, as it travels over the deck, passes 
between the strips of the lower grating to one side, the lighter 
material is carried by the upper riffles in 'a direction almost at right 
angles to that of the heavy material, to the other side. Adjustable 
partitions along the discharge sides enable the products to be divided 
as required. The Bon.son table used in America for ore-dre.ssing 
has a similar arrangement of riffling. 

The original Paddock appliance was said to work fairly well on 
particles between about 35 and 120 mesh fed at the rate of half a ton 
an hour, but it did not work successfully with material outside these 
sizes. 'The Hooper-Paddock jig, however, spreads the feed out over 

* and Mm, Journal, iSgz, 34, 130. 
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a considerably wider lateral area, and particles of size from 2 mm. 
to o can be treated if subjected to a preliminary sizing. Its capacity 
is about half a ton per hour. 

The Card Air Concentrator. — ^TheCard concentrator, invented 
in America in 1891, was an air-jig used for ore dressing. The ore 
was supplied from a hopper to an inclined trough. The floor of the 
trough wjis composed of wire gauze and was divided into sections to 
allow the lower layers of material to be* removed. The air-chamber 
under the floor of the trough was divided .into a series of boxes, which 
were placed in a row with a gap between each pair and the wire 
gauze formed the top of the boxes. Between each pair of boxes 
there was therefore a gap down which the concentrated ore could 
fall. 

The air was supplied intermittently through the sides of the boxes 
from a bellows actuated by a beater. The air passed through the 
perforated tops and stratified the bed. The heavy particles falling 
through the gaps were discharged by a special rocking mechanism at 
the base. The rocker was driven by a ratchet and pawl, and the 
rate of discharge was controlled by the rate of operation of the 
rocker. 

The Kirkup Process. — The Kirkup table, recently introduced 
in England, is essentially a pneumatic jig, but incorporates several 
novel features. The first experiments were carried out in 1924 by 
Mr. R. Dickinson at Armstrong College, Newcastle-on-Tyne, and 
on a larger scale by Messrs. R. H. Kirkup, of (iateshcad-on-Tyne. 



The first commercial unit was put into operation at Consett, Co. 
Durham, in January, 1928. The raw coal is fed from a hopper on 
to a perforated plate inclined at 12 to 15° to the 'horizontal. A 
pulsating air current supplied to the underside of the inclined plate 
stratifies the material on the screen and the layers of material so 
formed are separated at the lower end. • ^ 

In operation, the raw coal is supplied at such a rate as to allow 
a bed about 6 to 8 in. deep to be*established. The intermittent air 
current keeps it in a sufficiently loose condition to enable he*avy 
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particles to pass downwards to the bottom of the bed, at the same 
time moving the lighter particles into the upper layers. The air 
current is supplied to an air-tight chamber, A, Fig. 142, at a pressure 
of 3 to 6 in. water gauge. The fan creating the air current is con- 
tinuous in action, but the entry of air into the chamber is permitted 
periodically by a rotary or reciprocating valve, B. The number of 
pulsations is about 200 per minute, the pulsator being driven 
separately. The bed plate is J . in. thick, with apertures spaced 
J in. between centres. 

When the stratified material reaches the bottom of the inclined 
plane, the lowest layers are removed through a slot, D, in the base 
into a vertical shoot. The shoot is divided into two compartments 
by the plate, C, so that only the heaviest particles pass down the first 
('ompartment of the shoot and intermediate material (middlings) 
passes down the second compartment. At its upper end the dividing 
plate, C, is bent over as shown in Fig. 142. Below the shoot, an 
oscillating segment, *E, was first arranged, to assist the delivery of 
material from the shoots, and to enable the rate of removal of refuse 
and middlings to be controlled. This is shown in Fig. 142. In 
later plants, the oscillating device has been replaced by five-pronged 
star extractors, which may be driven at different spet'ds by a 
variable gear as in Fig. 143. 

I'he drive is communicated to each exlraclor by a rubber-laced 
pulley bearing on a flat disc, contact being ensured by a spring 
behind the disc. 'Fhe rubber-faced pulley is drawn nearer to the 
centre of the disc to increase the speed of n)tation of the extractoi 
and nearer to the circumference to reduce the speed. fhcTC' are 
separate drives for the middlings and refuse extractors, but th(' 
adjustment of each is controlled by the operation of a single hand- 
wheel through dog-clutches. 'Fhe adjustment is therefore simple 

d'he plant for industrial operation is shown in Fig. 143. Fhe 
inclined plate is 14 ft. long and 2 ft. wide, and is designed to treat 
25 tons of coal per hour, the coal being unsized coal through a 
ij in. screen. The plate is encased by sides 12 in. high. The air 
current is .supplied by a fan capable of delivering varying quantities 
of air to suit the coal treated. The pulsations of the air current are 
created by a rotating valve with two blades, and about 200 pulsa- 
tions are made per minute. A flap valve is placed between the fan 
and the pulsator to vary the air supply to the table. 

The plant is of simple design, and may be constructed cheaply 
Duplication, to give larger capacities, offers no difficulties, and the 
operating cost should be small. Since the air current is only .supplied 
to one table during half the revolutions of the valve pulsator, two 
tables may be supplied with air from one fan as in the Raw process 
,(P- 361). ^ The two blades of the double pulsator are then inclined at 
right angles to each other, and when the air current is cut off from one 
table it is supplied to the] second. In this way no more power is 
required to supply the air current for two tables than for one. 
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The process has not yet been in operation on a commercial scale 
for a sufficient length of time to prove its suitability and efficiency, 
but it offers the advantage over other present processes that it can 
treat unsized material. It is said, indeed, to work more satisfactorily 
with an unsized feed than with sized material. Fluctuations in the 
rate of feed, or in the proportions of coal and dirt, may present some 
difficulties, for it is improbable that the stratification of the material 
will be perfect and an unusually high proportion of dirt may result 
in inefficient operation. Similarly, an occasional batch of coal con- 
taining a small proportion of dirt may result in a loss of coal with the 
refuse. The safeguard against imperfect separation is the re-circu- 
lation of a large proportion of the feed in the form of middlings, 
which reduces the throughput of the table. 

With its deep bed, the action of the table may be more sensitive 
to the presence of free moisture in the coal than arc other modern 
dry-cleaning tables which work with a thin coal J)ed. The resistance 
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to the passage of ^air is already high, and the tendency of moist 
particles to adhere to one another will prevent the free circulation 
of air around them. Wet coal cannot be treated on the table for this 
reason. 

Wlien the supply of coal to the table is irregular, the plant is 
shut down automatically wlien the raw coal hopper is empty, in 
order that the bed of dirt resting on the perforated plate shall not 
be lost. The maintenance of a proper dirt bed is important in the 
operation ol the table, as without it coal may be extracted by the 
first star extractor. 

Horizontal and Vertical Blowers. — Blowers creating horizontal 
air currents have been used in several forms for ore dressing. The 
principle is illustrated diagrammatically in Fig. 144. A continuous 
air current produced by a revolving fan blows across a stream of 
particles falling vertically. The lightest constituents of the* feed are 
deflected from their normal course to a greater extent than the 
heavier material, and a separation is therefore possible. Such 
machines are useful where the constituents of the feed are of widely 
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different shape or density, and have been employed for the recovery 
of alluvial gold and diamonds. They are also applicable to the 
recovery of thin flakes of graphite from graphitic sands and of wheat 
from chaff. 


The Hochstraate Machine. — ^An appliance using this principle 
was employed for coal cleaning in England about i860, and another, 
the Hochstraate machine, was used at the Zollverein and Rhein- 
preussen Collieries, in Germany, about 1880 {Zeit. fiir Berg., Hiitte 
und Salinenwesen, 1882, 30, 280 ; 1887, 35, 265 ; 1894, 42, 235). 

The raw coal was sized before treatment, and as it slid over the 
end of a shoot it encountered a blast of air. The air caused the coal 


and smaller shale particles to travel up inclines where a baffling 
system stopped the flat shale and allowed the coal to go forward. 
The shale and the largest 


coal particles, which could 
not be driven up the in- 
clines, fell together into a 
trough and were separated 
by a wet method. 

The Mumford and 
Moodie Apparatus. — The 

device shown diagramma- 
tically in Fig. 145, and 
modifications of it, have 
been employed extensively 
for the removal of dust 
from coal and ore and of 
sand from asbestos. Al- 
though primarily a de-dust- 
ing device, with accurately 
sized material it functions 
as a concentrator for fines. 



I'he feed is supplied from a hopper, H, on to a rapidly revolving 
disc, D, which throws it off laterally in the form of a spray to the 
surrounding ring, C. An air current is induced by the fan blades, F, 
in an upward direction through the space between the disc, D, and 
the ring, C, and carries the smallest particles upwards with it. These 
small or light particles pass into the outer vessel, A, whereas the 
large oriieavy particles fall into the inner vessel, B. The air current 
returns in the direction shown by the arrows, to be used over again. 
The machine is self-contained, and the air current being con- 
tinuous no loss or trouble is experienced by the escape of dust. Its 
.action isVeadily adjustable by varying the speed of the drive, but 
since the fan and the disc are driven directly by the same shaft, they 
are not capable of individual adjastment. It is made in varying 
sizes, one 4 ft. in diameter dealing with about 4 tons of feed per hour. 
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The importance of this and similar devices lies in their use for 
dust removal rather than as methods for cleaning. They might 
serve as useful accessory appliances in many coal-washing plants 
where the finest dust complicates the washing process. 

In another device, similar in general design to the Mumford and 
Moodie machine, which has also been used for separating the dirt 
from coal, the feed was distributed laterally by a rapidly revolving 
disc moimted horizontally and suitably driven. As it flew off 


Sand return elevator 



Imo. i4h. - r^ioposed Arrangement of Air-Sand Process (Frazer and Yancey). 

the disc as a spniy, it passed across an annular opening and an air 
current played vcTtically downwards across it. The light particles 
ol coal were affected by the current and passed through the annular 
space, whereas the heavy dirt particles were relativelyunaffected and 
passed across the opening. I'hc machine was. however, never very 
successful in practice, because much of the coal passed across the 
aperture with the dirt, and the dirt, because of its higher coefficient 
of friction, left the disc at a lower speed than the coal and fell through 
the gap. It might be worthy of consideration as a separator of coal 
and dirt for a coal with a higher coefficient of friction than the 
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shale associated with it, examples of which exception to the usual 
rule are known. 

The Fr^er and Yancey Process. — Frazer and Yancey (Amer. 
Inst. Min. ” Feb. meeting) have devised an ingenious 

method to effect a density separation of coal and refuse by 
forcing streams of air through a vessel containing sand, so that a 
dry fluid medium is obtained with a bulk density of 1-45. Coal 
floats across the containing vessel ; refuse, because of its greater 
density, sinks through the mixture. The separation is independent 
of the relative sizes of the coal and refuse particles. 

Fig. 146 is a diagrammatic cross-section of the suggested arrange- 
ment of a large-scale plant. The plant consists of a main cell in 
which the air-sand mixture is contained. The air is forced from an 
air chamber through a porous diaphragm and passes through the 
sand in a multitude of fine streams. The coal is fed by a rotating 
bladed wheel at one side of the cell ; the clean coal is collected at 
the opposite side, and the refuse is discharged through a gate at the 
bottom of the vessel. Both products are de-sanded and the sand 
is kept in circulation by an elevator and storage hopper. 

The device is not yet in operation on a commercial scale, and the 
design is based on the experience of small scale experimental 
work, which has yielded promising results. The small-scale plant 
consisted of a cast-iron cell, divided by a porous plate into air and 
sand chambers. Considerable difficulty was experienced in obtain- 
ing the most suitable material for u.sc as the diaphragm, but porous 
concrete .slabs or “ Filtros " plates were found to give satisfactory 
results. In a cell 10 in. .square, a steel plate with ,./4 in. perforations 
spaced in. apart, with ex^tra holes along the sides and in the 
corners, was found to work satisfactorily. River sand was employed, 
and ail was supplied at a pressure of to 3 in. of mercury (20 to 
40 in. of water) in the air chamber. The pressure used was just 
sufficient to cause streams of air to flow through the sand and give 
the fluid mixture the appearance of continuous boiling.” 'llic 
mixture was then easily penetrated or stirred by the hand, and a 
spindle hydrometer placed in it gave a reading of S.G. 1*45. 

The efficiency of the separation effected in the laboratory model 
can be gauged by the results of the following test on nut coal 
(2 to 3 in.) 


Yield 
per cent. 


Ash 

per cent. 


Raw coal floating in liquid S.G. i’45 
('lean coal by air-sand process 
Coal washed in jig . . *■ . 


90-4 

87-3 

82-6 


9-9 

9-9 

10-3 
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These results show an improvement on the jig practice, but, for 
a product with 9*9 per cent, of ash, the yield is 3 per cent, less than 
the theoretical maximum. 

For the plant shown in Fig. 146, the cell is to 2 ft. deep, and 
contains 20-mesh river sand. The porous diaphragm is inclined 
towards the refuse-discharge side, being thinner on that side, to 
allow for the increased resistance offered by the deeper bed. 

The process is simple, and, if the practical difficulties can be 
overcome in a large-scale plant, is assured of success because of its 
ability to deal with an unsized feed. Its scope is, however, limited 
to coal above a certain size. If the sand used passes through a 20- 
mesh sieve and is recovered by passing the coal over a de-sanding 
screen, it follows that coal below 20 mesh cannot be recovered and 
must be removed before cleaning. The shale must also be below a 
certain size or it would be supported dynamically with the sand. 



CHAPTER XVIII 


DRY cleaning; pneumatic tables 

Pneumatic tables are those devices classified in Chapter XVII 
as reciprocating devices using air currents. It is only within the last 
decade that they have been used industrially for coal cleaning. 

The Sutton -Steele Pneumatic Table. — The first pneumatic table 
(as distinct from a pneumatic jig) was made by Messrs. Sutton, 
Steele and Steele. It was used for the cleaning of agricultural pro- 
duce, seeds, cereals,^ nuts and beans, the husks or shells and bad or 
dried matter being removed from the desired product by reason 
of their lower specific gravity, and for ore dressing in those parts of 
the United States of America where water is oftc^n scarce. It was 
patented in England in 1905. 

Mail}" appliances liad bei'ii used ])n‘vious to the introduction of 
the Sutton, Steele and .Steele table, in which stratific ation of the teed 
was induced by shaking the surface or by an air current passing 
upwards through a perforated surface. Devices had also been used 
in which the material was spread out on a rifiled deck. Tlie Sutton, 
Steel and Steele invention consistcTl in combining an upward 
current of air with a .shaking movement of the riffled surface'. 

A modified table, the ''C. J.,'' was used for coal cleaning, 
and the first commercial installation consisted of twelve “ J."' 

tables, erected at the Brilliant mine of the .St. Louis, Rocky Mountain 
and Pacific Company in New Mexico in 1919. The sales rights of 
the Sutton, Steele and Steele table were subsequently acquired by 
the American Coal Cleaning Corporation, who have modified it as a 
result of experiments, and have adapted it for the dry cleaning of all 
kinds of coal. The table is manufactured in this country by the 
Birtley Iron Company. At the beginning of 1928 the Birtley Iron 
Company had erected twenty separators, and were installing thirteen 
others to attain a total capacity of 865 tons per hour. 

The early Sutton-Steele table for purifying agricultural produce 
was somewhat similar in appearance to the Wilfley table. The deck 
consisted of an approximately rectangular framework of longitudinal 
wooden strips upon which rested a covering cloth, itself covered 
with tapering riffles. A blast of air, supplied from below the deck, 
was distributed fairly uniformly by the wooden strips and stratified 
the material on the deck. The lighter material passed transversely 
across the table over the riffles, and the heavier material travelled 
longitudinally between the riffled by reason of the motion given to 
the deck by an actuating mechanism. The mechanism consisted of 





j J.s TJk S |. Sfj)arat(jr J rout X'icu . 


L / o la- c pane ^ ^ 


DRY CLEANING: PNEUMATIC TABLES 343 

a cam working against a bell-crank lever, and compressing a helical 
spring during the forward stroke. When the table was at the end of 
its forward stroke the lever was released and the spring jerked the 
table sharply backwards. 

The arrangement of the deck differed somewhat for different 
purposes, some models having an unriflfled deck and being supported 
on flexible spring legs arranged as in the H.H. wet concentrating 
table. The tables which are now made^by the American Coal Clean- 
ing Corporation and the Birtley Iron Company for coal cleaning 
have, however, been modified from the earlier C.J. table both in 
shape and size, and an improved actuating mechanism is employed. 

The S.J. Pneumatic Separator. — The S.J. table was the first 
recognised improvement on the C.J. It is illustrated in Figs. 147 
and 148. 

The deck of the old Sutton-Steele table was rectangular in plan, 
but it was noticed that part of the surface was of little use for coal- 
cleaning, and the shape was therefore altered to that of the present 
S.J. table. In effect, two corners were cut off, the bottom left-hand 
corner and the top right-hand corner. The removal of the top right- 
hand corner, and the fixing of a barrier across it in the path that 
would otherwise be taken by some of the refuse, serves a .special 
purpose, to which reference will be made later. 

Tlie surface upon which the separation is effected consists of 
square-mesh wire gauze, the size of the holes varying for the different 
sizes of coal. It is overlaid with wide square-mesh chicken wire, in 
order to give a grip on the surface and prevent the particles from 
sliding about on it. The holes in the chicken wire are about i in. 
square, but those in the wire-gauze surface are much smaller and 
vary according to the size of the coal treated. The usual sizes are as 
follows : — 


Size of Coal. 


Size of Holes 
in J^eck. 


in. . 

I in. to I in. 
<lin. . 


1 in. square. 

10 ff 

1 - 

2 » » » » 


The wire-gauze surface is strengthened with wooden strips (pine) 
laid longitudinally beneath it, i.e., parallel to the side along which 
the products are collected. The wooden strips are 2 to 2J in. high 
and spaced about i in. apart. They serve as support fev* the deck 
and also as a bed to which the riffles may be fastened. The riffle’s 
themselves are made of light galvanised sheeting, bent at right angles 
at the bottom to receive the holding screws (or tacks). They taper 
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from the head to the refuse end, and are laid parallel to the discharge 
side of the table, terminating along a line roughly parallel to the 
right-hand or refuse end of the table. The heights of the riffles vary 
from 2 to I J in. at the mechanism end of the table, according to the 
size of coal treated, and taper to a height of in. at the refuse end. 
They are spaced i in. apart for the smallest sizes of coal and further 
apart for larger sizes. For certain coals they are 6 in. apart. 

Underneath the wooden sj.rips laid as supports for the deck and 
the riffles is an air chamber separated from the actual deck by an 
air-distributing vane or guide. The air is supplied from a fan to the 
air chamber, where the pressure is a few (2 or 3) in. water gauge. 

A 


PERfORMCD . 



VANi AND ruAPS A* A 


B 


Fig. 149. — Diagiam of Deck Construction. S.J. Separator. 

The vane through which it passes to the deck consists of a light 
metal sheet, which is cut in the form of rectangles about i in. by 
2 in. over its whole area. The rectangles can be bent over by any 
desired amount, and therefore serve a§ flaps. Each flap can be 
opened slightly, to allow only a small quantity of air to pass through 
the aperture, or more widely, to allow free passage of the air. By 
opening the flaps by different amounts over the area of the sheet, 
the air current can be distributed and directed so that it is stronger 
at some parts of the deck than at others. Fig. 149 (A) is a diagram- 
matic secKon showing the arrangement of the riffles, the wire-mesh 
Surface, the supporting strips and the air-distributing vane. 

The riffles on the standard deck are of uniform height at the head 
end 'of the table, tapering to a constant height at the refuse end. 
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For special purposes this arrangement can be modified. For example, 
certain coals contain quantities of thin flat pieces of shale, which are 
liable to present their largest surface to the air current and remain 
on the top of the coal. In these circumstances it is necessary to 
cause the coal to cas(;ade over a riffle, so that the thin shale particles 
may turn over and slip through the coal to the deck surface. This 
is accomplished by stepping the riffles, as shown diagrammatically 
in Fig. 149 (B). 

The table is mounted rigidly on two steel channels, to which the 
actuating mechanism is bolted. A flexible connection between the 
air chamber and the air-supply main is obtained by an air-tight 
fabric jointing. The Mark II. actuating mechanism and frame can 
be seen in Figs. 147 and 148. 

The deck is mounted on a steel framework supported by two 
inclined plates, each of which rests in two V-grooves on cross-pieces 
on the steel channels. One of the inclined plates is clearly visible on 
the left of Fig. 148. The drive consists of two eccentrics and con- 
necting rods, which move the deck backwards and forwards. On 
the forward stroke the deck rises slightly because of the inclination 
of the plates, and falls again on the backward stroke. At the 
reversal from the forward to the backward movement, therefore, the 
deck surface is, as it were, suddenly withdrawn from under the bed 
of refuse resting on it, and the refuse continues to move, relative to 
the deck surface, towards its discharge point. 

The curved leaf springs shown in Figs. 147 and 148 are not an 
integral part of the mechanism, but serve to take up slackness 
between the bearing surfaces. They tend to help in hastening the 
change from the forward to the backward movement. 

The eccentric drive is communicated by a variable-speed cone 
pulley ; the usual rate of revolution is 320 r.p.m., and the stroke is 
I in. in length. A more rapid reciprocation is required with small 
coal than with large coal, and the stroke is decreased slightly in 
length if its speed is increased. 

The inclination of the deck is variable in two directions, from 
the head end to the refuse end, and from the feed side to the dis- 
charge side. Each inclination's obtained by sliding pins locked in 
any desired position in slotted keepers. For the side to side in- 
clination the deck is hinged about the centre of each end (Fig. 147) 
and two curved slots are provided along each side. The locking 
wheels and one of the slots for the end-to-end inclination can be 
seen at the sides of the front inclined plate in Fig. 148. The* flexible 
fabric joint and air chamber is situated in the centre of the frame- 
work. 

In operation, the raw coal is fed from a hopper or a shoot by a 
shovel feed into a distributing hopper along the top of tSie table. ^ 
The shovel feed is employed to ensure a regular rate of supply of 
the raw coal. The air current, asdsted by the vibratory movement 
of the deck, results in a stratification of the feed so that the heavy 
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particles form a layer on the surface and the lighter particles rest 
above them. The air current has a slight lifting effect on the light 
particles which the heavy ones do not experience, and, because of 
the inclination of the deck downwards towards the discharge sides, 
the light particles tend to float over the top of the riffles and travel 
straight down the table. The heavy particles, however, are trapped 
between the riffles and are jerked forward between them and across 
the table by the motion of. the deck. The overlaid chicken wire 
increases the friction between the heavy particles and the surface 
and prevents them from moving to and fro with the surface. They 
are thus able to move down the slope towards the right-hand side 
of the table when the deck moves forward to the right, but are 
unable to move back up the slope when the deck is withdrawn and 
moves to the left. 

The particles of intermediate density either collect with the 
shale between the first few riffles, or, if they are carried downwards 
for a short distance with the clean coal, ultimately find their way to 
the deck surface, the clean coal remaining above them. They are 
thus trapped between two riffles and, being then unable to pass over 
the next riffle, are impelled across the table towards the refuse end 
by the motion of the deck. Here they tend to mount on to the top 
of the shale, and, as the riffles towards this end of the table are 
decreasing in height, the middlings particles are able to pass over 
them and travel downwards towards the discharge side, whilst the 
true refuse is still moved further across the table. The current of 
air passing through the coal lifts the majority of the very line 
particles, and these are collected in a hood and removed from the 
air by a system of filtering. 

The process of separation if similar to that effected on a Wilfley 
or other concentrating table. The chief difference is that the coal 
moves towards its discharge point by gravity (floating on air) 
instead of by the force exerted by a water current. The motion of 
particles being easier in air than in water, they travel across the 
table much more rapidly, and the capacity of an S.J. air table is 
about 50 to 100 per cent, greater than that of a concentrating table, 
although the space that it occupies is considerably less. The con- 
centrating table has, however, one advantage, namely, that, because 
the particles move more slowly, the products are spread out into a 
thinner layer over a wider lateral distance, and the division into 
coal, middlings and refuse can be more easily and accurately adjusted. 
This will be evident from the results given for the Wilfley table 
(Chapter XV.) ; with a very gradual increase in the ash content foot 
by foot round the table, as these results show, the exact maximum 
ash content of the clean coal can be accurately fixed. 

On the S.J. table, the products are all collected along the dis- 
charge side, the division into clean coal, middlings and refuse being 
made by adjustable dividers (Fig! 147). The middlings product con- 
sists partly of intergrown particles, but the exact position of the 
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dividing line between the clean coal and the middlings is usually 
indefinite, and a quantity of coal must be collected with the middlings 
to ensure that no high ash particles pass into the clean product. 
I he reason for this is that the product is not widely spread out in a 
thin layer, as on a concentrating table. 

The dividing line between the middlings and refuse can be 
rather more exactly fixed, because of the banking barrier placed 
across the top right-hand corner of the table and down the I’efuse 
end. The refuse is jerked by the table motion to the ends of the 
riffles and against this barrier. Wheii it reaches the barrier, the 
table motion still tends to force it to the right and to thrust it 
against the barrier. Consequently it banks, or piles up, and 
middlings or coal particles are unable to become entangled with it. 
By means of this barrier it is usually found to be fairly easy to 
obtain a refuse product reasonably free from coal. As has already 
been explained, it is less easy, however, to obtain a coal product free 
from high ash particles. 

The barrier across the bottom left-hand corner of the table 
also serves a useful purpose. By piling up a bank of clean coal 
along it, a thrust is given to the refuse travelling across the table 
which assists its passage to the opposite end. It also enables the 
bulk of the small coal, arising through any fracture of the coal 
during any stage of the process later than the screening, to be 
collected separately. The smallest coal tends to mount above the 
larger pieces, and it can therefore pass over the barrier without the 
larger pieces. 

The beneficial effects resulting from the use of these two barriers 
are considered to outweigh the fact that they prevent the spreading 
out of the cleaned product. Thej; increase the efficiency of the 
final separation of coal from dirt, any loss of coal in the middlings 
being avoided because they are re-circulated. The re-circulation 
simply involves a slight reduction of the maximum capacity by 
the amount of middlings re-treated. 

The operating capacity of the S.J. table depends upon the 
amount of middlings and refuse in the clean coal. With a normal 
British coal containing 15 to 20 per cent, of ash, the capacities on 
different sizes of coal are given in Table 94. The power require- 
ments to drive the fan, the table and the shovel feed are also given. 

It will be observed that the figures in Table 94 give the sizes 
of coal between limits in the ratio 2:1. A sizing ratio of 2 : i is 
theoretically the maximum range of sizes which can be .separated 
in one operation. In practice, however, although, a ratio of 2 : i is 
desirable, it is found that a slightly greater ratio can occasionally 
be employed with a satisfactory efficiency of separation; 

The capacities given assume that the coal is fed hniformly. 
The separator will work efficiently at half its normal capacity, but 
its operation is unsatisfactory at*less than half the normal or more 
than the maximum. ' 
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Table 94. — S.J. Table. Capacity and Power Consumption 


Size of Coal. 

Capacity. 

l^ower Required. 

In. 

Tons per hour. 

! H.p. 

4-2 

50-60 

35 

2-1 

, 30-35 

25 


25-30 

! 20 

Fi 

20-25 

15 

|-i 

15-20 

10 

T 

12-15 

6 


The following results of operation (Table 95) were obtained 
with a Durham gas coal, the coal below in. being untreated. 


Table 95. — Results of Cleaning with S.J. Separator 



Raw Coal. 

Clean 

Coal . 

Refu.se. 

Size (in.)- 

Per cent. 

Per cent 


Per cent. 




of 

Ash Sinking 

Ash 

Sinking 

Asb 

Floating 

at 


1 Sample | per cent . at 

per cent. 

at 

percent. 

S.G 1*5 


Treateid, | 

S.G. 13 


S.G. 1*5 



2-4 . 

^3-48 i 

12-5 j 12*6 

473 

I'l 

65-25 

1-5 

ij-i . 

i6-55 1 

7.J2 7*2 

4*26 

0-9 

67-71 

1-2 

i-i . . 

26-00 ' 

7.9 . .7.7 

3-45 

1.4 

66-05 

^•5 

Pi - 

16-66 I 

8-27 8*0 

2-82 

0-8, 

67-95 

0-3 

H • • 

15-61 ! 

8*1 ; 8*2 

3-50 

2-g 1 

69-90 

0*6 

|-/« • 

11*70 1 

8-14 j 8-7 

4-31 

3-4 

: 62-71 

0-8 

Total 

100*00 i 

8-55 ! 8*5 

370 

T-0 

66-40 

1 1-25 

1 


The raw coal was separated into 92*85 per cent, of clean coal, 
with an ash content of 3*70 per cent, and containing an average of 
1*6 per cent, of particles sinking at S.G. 1*5, and 7*15 per cent, of 
refuse with an ash content of 66*40 per cent, and containing 1*25 per 
cent, of particles floating at S.G. 1*5. The loss of coal, therefore, 
amounted to o*i per cent, of the total coal fed. 

The results in Table 96 were obtained with a typical Staffordshire 
coal, the coal above i in. and below in. being untreated. 

These ^results show that, in cleaning these four sizes of coal, the 
mean ash percentage was reduced from 14*7 per cent, in the raw 
coal to 2*7 per cent, in the clean deal, with a loss of 0*9 per cent, of 
coal in the refuse, equivalent to a loss of o*2 per cent, of the total coal 
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Table 96. — Results of Cleaning on SJ. Separator 


^ - 

— 



r 

1 


" 



Raw Coal. 


Clean Coal. 

Refuse. 

Size (in ) 

Per cent 


Per cent. 


1 

Percent. 


t 

Floating 

at 

of 

Ash 

Sinking 

Ash 

Sinking 

Ash 


Sample 
Treated . 

per cent ; 

at 

per cen 1 . 

i at 

per cent. 

S.(i. 1-5 

• 

: 

S.(;. 1-5 

• 

1 S.G. 1-3 


I-i 

36-5 

1 ' 

I4'4 

22-0 

2*75 

0-9 

83- 1 

1*25 

2 ~\ • 

27-9 

12*5 : 

17 2 

2-45 

1-2 

82-5 

0*4 

i-i ■ 


1 1.5*3 

20*9 

2-73 

1*4 

82-2 

07 

1 I 

5 1 • 

TO-5 

: 19*5 , 

267 

3-15 

2*9 

8i-2 

1-25 

fotal 

TOO-O 

’ 14*7 

_i 

21*3 

2-7 

1*3 

1 

82-5 

0*9 


fed. The efficiency of cleaning is, therefore, very high, though it 
should be remembered, in comparing these results with those of 
cleaning by other processes, that the coal was carefully screened 
into four separate sizes before treatment. 

A number of other results were given by Appleyard {Trans, 
Inst. Min. Eng., 1927, 73, 404). 

The Wye Separator. — The Wye separator, introduced in 1926, 
is an improvement on the S.J. separator, and has the advantages 
that it can clean coal below | in., does not require such close sizing 
of the feed, and has a higher capacity for the same floor space. 
In one plant erected by the Birtle])^ Iron Company for a capacity 
of 80 to 100 tons^per hour, the feed coal is sized into two fractions 
only — to I in, and ^ in. to o. 

It differs from the S.J. separator in the shape and arrangement 
of the deck. The principles of its action are similar, stratification 
b(‘ing induced by an air current passing upwards through a perforated 
surface, aided by the vibration of the deck, but the separation of 
the stratified layers is rather differently accomplished. In early 
models the understructure and the actuating mechanism were the 
same as on the S.J. table, but in 1927 the new Mark IV mechanism 
was introduced. 

The Y-shape of the deck is shown in Figs. 150, 151 and 152. The 
raw coal is fed into the pan marked Raw coal feed" (Fig. 151), 
whence it is precipitated through the central slot on to the deck by 
the oscillating motion of the table. The deck is concave at the 
feed end, but rises centrally towards its narrowest width, where it is 
convex. At the feed end, also, the riffles are arranged (Fig. 152) so 
that they converge towards the axis. If a line be drawn along 
the axis, the riffles may be regarded as forming a series of co-axial 
V’s. From the feed to the narrowest part of the deck the apek of 
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each V is nearer to the refuse discharge end of the table. From the 
narrowest portion of the table to the refuse and middlings discharge 
positions at the end of the arms of the Y, the riffles are inclined to 
the sides of the table and are parallel to the axis. 

The coal spreads out across the tabic at the feed end, the com- 
bined action of the shaking motion and the air current resulting in a 
stratification with the coal in the uppermost layers. The refuse 
particles in the lower layers are trapped between the riffles; and the 
motion of the deck causes them to pass forward and to collect 
along the axis where the riffles converge. The coal, however, is 
squeezed out as the bed narrows and the deck becomes convex, 
and is made to travel towards the sides over which it is discharged 
into the clean coal collector. The separation is shown clearly in 

Fig. 151. 

The primary or rough cleaning of the raw coal is accomplished 



Fig. 152. — Wyc Separator. Arrangement of Riffles. 

on this first portion of the deck, on which the material travels 
slightly uphill. On the second portion, in the arms of the Y, the 
refuse is cleaned to remove coal particles from it. The arms are 
inclined downwards from the centre to the sides, and along them 
the riffles run parallel to the axis. The refuse between the riffles 
is therefore carried to the inside of the arms, where it encounters 
the banking bar. Here, as on the S.J. separator, it mounts up and 
forms a solid bank, the coal and middlings being squeezed away 
from it towards the sides. At the junction of the arms is a central 
barrier consisting of two tubes connected to the air supply. Air is 
distributed outwards from them over the refuse which is beginning 
to pile up against the banking bar and the air current, together with 
the inclination of the surface, forces the coal away towards the 
sides. 

The clean coal collects along the whole length of the sides of 
the table, the smallest sizes comiifg over near to the feed end and 
the largest particles along the sides of the arms of the Y. The 
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refuse and middlings collect at the end of the arms, and dividing 
cutters enable the products to be collected separately. It will be 
observed that* the discharge of the clean coal is distributed over a 
greater lateral distance than was the case on the SJ. separator, 
and it is therefore easier to collect portions of the product of different 
qualities. The middlings and refuse are, however, congested, as 
on the S.J., and the division between them, and also between the 
middlings iuid clean coal, is not so definite as on a wet concentrating 
able. This is corrected by re-circulating the middlings fraction. 

The deck of the Wye separator is of similar construction to that 
of the S.J. (see Fig. 149). For coal below ^ in. in size it consists 
of a perforated zinc plate instead of a wire-mesh gauze, and the 
plate is slightly corrugated. For material above J in. bronze wire- 
mesh gauze is used and the corrugations are omitted. The surface 
is supported on longitudinal wooden strips, arranged parallel to the 
riffles on the deck, and the riffles arc tacked to the strips. The air 
supplied under the table is distributed by a prorated vane with 
adjustable flaps. 

For coal below I in., the riffles, beginning from the feed end of 
the table, are I in. high on the axis of the table, and increase in 
height to f in. at the edge. They taper from the feed end towards 
the narrow part of the table, where they arc all in. high. There 
are fourteen riffles on each side of the deck. Along the arms, where 
the riffles an' parallel to the axis, the heights vary from J to | in. 
and taper to a height of in. near the centre to in. at the finishing 
end. There are thirty-four riffles on each arm. This is one arrange- 
ment of riffles. Different coals require different arrangements to 
obtain the best results, and modified riffling is employed where 
necessary. 

The Mark IV actuating mechanism and understructure for the 
Wyc separator is sliown in Figs. 153 and 154. In principle it is the 
same as the mechanism fitted to the S.J. table, but it is more rigidly 
constructed. The support for the deck framework consists, as 
before, of two inclined rocking plates bedded in V-shaped grooves. 
I'his is plainly visible in Fig. 154. The springs have been replaced 
by others of the barrel type, which are stronger and more easily 
take up play in the rocker plate bearings. The springs are enclosed 
in casings. The methods of obtaining the side and end inclinations 
have been inodified ; tlic slots are rctaiiu'd, but the deck is locked 
firmly by fixed bolts instead of by the handwheel device on the S.J. 
table, the locking being thereby strengthened, d'hc adjustnient of 
the inclination is thus rather less acce.s.siblc. 

In Fig. 153 the variable speed cone pulleys for driving the 
eccentrics can be seen. The handwheel and .screw adjustment for 
the belt enables the speed of the drive to be varied eaiily and 
whilst the table is running. The eccentric drive is transferred by • 
the connecting rod to the distant, 09 refuse, end of the table directly, 
the rod being now solid with a flattened end instead of (as previously) 
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fitted with a screwed joint. At the refuse end* the connecting rod 
is fastened directly to the cross-piece, resting on the top of the 
inclined rocker plate. 

In operation, the Wye separator can be used for coal below 3 in. 
and greater than in. With coal from 2 to in. the feed should 
be sized before cleaning into at least three sizes, 2 to J in., | to 
J in., and J to rh in. Coal smaller than in. cannot be propeily 
treated because it remains supported in the air currents. and com- 
plicates the operation. It is therefore removed by aspiration 
before the coal is fed to the table. The capacity of the separator 
is given in Table 97. 

Table 97. — Wye Separator. Capacity and Power 
Requirements 


I 


Size of Coal 

Capacity. 

1 Power Required 

(in.). 

I Tons per hour. 

_ 

i H p. 

1 

2-i 

60-70 

i 

! 30 


30-40 

16 


20-25 

7 


i 


The actual capacity and the most desirable sizing limits depend 
upon the coal treated. The usual sizes are 2 in., A in., and J in., but 
in one plant recently erected the coal is sized into fractions 2^ to 
I in., I to I in., } to in., in. to o. 

For small collieries, (where lower capacities are required, a 



Half-Wye table is supplied. A plan of the riffling of the deck is 
shown in Fig. 155. The coal is fed at the left-hand end ; clean 
coal discharges along the bottom edge of the table and the refuse 
at the right-hand end. 

• The Half-Wye table consists of a Wye table split along the axis. 
It is especially suitable for coUiesies with small outputs. In such a 
case* it might occur that sufficient of the ^ to J in. and ^ to in. 
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fractions were preseht in the raw coal to utilise the full capacity of a 
Wye separator, but that only a small proportion of 2 to ^ in. coal 
was present. • A Half -Wye separator could then be used for this 
fraction. 

Before the coal is fed to Wye separators the bulk of the fine 
dust is removed by aspiration. The aspirator, shown in Fig. 156, is a 
succession of cascades over which the raw coal falls and the dust is 
removed by a current of air. Appleyard {loc. cit.) gives the sizes of 
the feed to the aspirator and the products obtained, as in Table 98. 


Table q8. — Sizes of Coal and Dust Obtained by Aspiration 


Size 

Feed to Aspirator 

Coal Discharged 

I)ust Obtained 

(in.) 

per cent. 

per cent. 

per cent. 


39-1 

• 

487 

0-5 


27-3 

30-2 

4-8 


15-3 

137 

15-4 

-cS-h\ 

5-4 

3 '3 

14-8 

Hl~ 1 i 

47 

1-6 

25-0 

1 L 

8-2 

2-5 

39-5 


100 -0 

100*0 

100*0 




l._ 



In this case, the raw coal had an ash content of 12*6 per cent., 
but the aspiiator dust had an ash content of only 8-3 per cent. 

The dust passing forward in the air current is passed through a 
scries of low-pressure bag-filters and recovered for use as pulverised 
fuel or for mixing with the coking slack. The disposal of this dust, 
however, is a matter of some difficulty. A colliery company may 
be loathe to replace its existing boiler plant by pulverised fuel 
ecpiipment, and finely-powdered coal dust is regarded as a dangerous 
material when transported by rail. It requires special packing, or 
special types of wagons, and an increased freight rate is charged. 

One other difficulty in the operation of a pneumatic cleaning 
plant is the behaviour with a feed varying in quality and quantity. 
To overcome the difficulty of an irregular rate of feed, adequate 
storage capacity must be provided for each table, and the table must 
be stopped if the hopper empties sufficiently to reduce the feeding 
rate. When the proportions of coal and shale in the feed are apt to 
vary, it is necessary to collect a larger proportion of middlings for 
re-circulation. With a reduction in the proportion of dirt, some 
coal may be caught in the riffles and travel too far along the surface ‘ 
of the table towards the refuse-disc4iarge point. On the other hand, 
with an increased proportion of dirt, some of the heavy particles m^y 
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be squeezed out of the riffles and there may be difficulty in removing 
them completely from the coal. 

When a pneumatic separator is started up, normal conditions are 
not experienced for some minutes, and inefficient separation obtains. 
It therefore follows that troubles will arise if the feed is intermittent 
and it is frequently necessary to stop and start the plant. 

Another difficulty to which all dry-cleaning processes are subject 
is caused by moisture in the coal. The fixed moisture retained on 

air-drying is of no conse- 
quence, but the adherent 
moisture, if it exceeds 2 or 
3 per cent., may lead to 
difficulty of operation. 

The Wye separator has 
not yet been in commercial 
operation in this country for 
a sufficient length of time 
to prove its ability to meet 
British conditions. In 
America five tables have been 
in operation for about two 
years, and the average results 
during that period show that 
the ash of a West Virginian 
coal has been reduced from 
12*62 to 7*09 per cent., the 
refuse containing 81*12 per 
cent, of ash. Unfortunately, 
av^Tage results of float and 
sink tests are not available. 
The ash content of the coal 
floating at S.G. 1*5 was 5*45 
per cent., so that probably 
a quantity of high ash 
material must have been 

included in the clean coal. 
Fig. i56.-Scction Uirough Dust-Extraction j-efu.se had a high a.sh 

content, and the figures 
suggest that the coal was easy to clean. 

On the I to J in. fraction of a South Yorkshire coal, test figures 
show that 13*7 per cent, of the feed sank at . 1*5 S.CL The clean coal 
contained 1*35 per cent, of sinks in 1*5, and the refUwSc 1*95 per cent, 
of floats. The ash content was reduced from 11*72 to 2*90 per cent., 
the refuse containing 70*0 per cent, of ash. 

The#first important plant in this country to use pneumatic 
tables for coal cleaning was at Wardley, County Durham, where the 
coal below 2 in. from the Folionsby and Springwell collieries is 
treated. The plant has a capacity of 125 tons per hour. The 
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flow-sheet is given *in Fig. 157. The raw coal is shot into a 25-ton 
storage hopper, whence it is elevated to the top of the cleaning 
building and’ discharged into a worm conveyor and on to a ^ in. 
mesh vibrating wire screen. The oversize from the ^ in. screen is 



passed to a i in. screen and divided into fractions of 2 to i in. and 
I to ^ in. The undersize is divided on a | in. screen, the material 
passing through a ^ mesh being subsequently divided into ^to ytt iri * 
and Jy in. to o, the latter portion being by-passed. The ^•to J in. 
size is divided into two further fractions by a J in. screen. 

The cleaning plant consists of sfec S. J. tables, one for each of J:he 
four largest sizes and two for the fraction of J to in. The coaTis 
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fed to the tables by shovel feeders bolted to the bottoms of storage 
hoppers. The six separators are all situated on one floor of the 
building. Each separator is provided with its own fan and motor, 
the motor driving the fan, the reciprocating mechanism and the 
shovel feed. Each table is, tlierefore, a separate unit and separately 
controlled. Separate control, whilst desirable from the point of 
view of efficient operation, especially on a coal consisting of a mixture 
of two raw coals which ma^ be delivered irregularly, is expensive, 
both in power, upkeep and supervision. In America a plant has 
been tried without a sepanite fan and driving motor for each table, 
but the design was not a success, and such an arrangement is not 
considered suitable for future plants. 

Each table and each of the screens is covered by a dust extractor 
hood and duct, the sides of the tables being enclosed by canvas. 
The agitation of coal must, of necessity, result in some fracture 
of the coal, and the dust produced is removed in the air current. 
In later plants suction is applied to the collecting hoods. The dust- 
laden air is passed into an extractor house, where it is filtered by 
special fabric bags. 

'J'he products from the six separators are discharged down 
separate shoots, through the second floor, on which the fans and 
motors arc housed, to the first floor, where they are delivered on to 
travelling rubber belts. The two clean coal belts arc totally enclosed 
and connected with the dust-extraction system. On them the 
various sizes of coal are remixed. A third rubber belt conveys the 
refuse out of the building, and a fourth delivers the middlings product 
to the foot of the raw coal elevator for re-cleaning. 

Idle air requirements for the Wardley plant are given in Ta,ble 99. 


Tablf 99 — 

-Opkrating Data. 

s.j. 

Separators. 

Wardley 

Size TrcLited (in 

; 1 > 

. Cubic feet All ; Wiilei (ld.ugc j Capacity 

h per minute. I Tons per hour. 

n.p. 

2-1 

17,000 

5-5 

1 

: 30 

29 

1-2 

12,000 

5-0 

30 

18 

l-l 

8,500 

50 

; 21 

16 

1 

l-l 

6,300 

3-5 

; V 

1 1 

,i_ ] 

8 1 (i 

C 

0 

10 

30 

1 

! 7 


The Wardley plant was in operation for a few months before the 
coal stoppage of 1926, and has been in continuous operation since 
then wtth satisfactory results. 


^ The Arms Air Goncentratdr. — The Arms air table, shown in 
lug. 158, is a pneumatic separator depending for its action upon 
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exactly the same principles as those of other pneumatic tables. 
It was designed by the Roberts and Schaefer Company, of Chicago, 
U.S.A., and was erected in this country by Messrs. Hugh Wood & Co., 
Ltd. In shape and general design it is similar to the S.J. table. 

The concentrator consists of a vibrating surface with a perforated 
mesh top through which a current of air is blown from a fan situated 
beneath it. The deck is covered with overlaid chicken-wire and 
metal riffles which guide the refuse towards its discharge point. 
For coal of size from I to l\. in. there are about thirty riffles tapering 
from a height of i in. at the mechanism end to J in. at the refuse 
end of the table, but different sizes and dispositions of the riffles 
are used for different coals. The riffling shown in the photograph 
(h'ig. 158) is parallel to the discharge side of the table. P'rcquently 
better results arc obtained when the riffles are inclined to the side, 
and this has been found desirable in the majority of plants erected. 

The coal is fed at the highest point of the tabk^ (in Fig. 158 at the 
to]) right-hand corner) and stratifies as a result of the air current 
through the bed and the shaking motion of the deck. The clean 
coal in the upper layers passes straight down the table to the dis- 
charge side, the refuse' being carried across the table between the 
riffles. The shape of the table is more nearly triangular than that 
of the S.J. separator. The barrier across the head end of the coal 
discharge side (the bottom right-hand corner in Fig. 158) is sometimes 
omitted and the barrier at the opi)osite end of the discharge side 
(the bottom left-hand corner in Fig. 158) is carried diagonally across 
the table and is not “ dog-legged as on the S.J. separator. J'lie 
effect of this is that the nduse does not bank up against the barrier, 
but is spread out over a wider lateral area. This arrangement 
probably reduces the amount of inidTllings, because the products 
are discharged ovtc a greater length and the division between 
clean coal and middlings and between middlings and refuse can be 
more carefully and exactly .set. Consequently, it may not be 
necessary, on the Arms table, to re-circulate such a huge quantity 
of niiddiings as on the S.J. table. On the other hand, the banking 
of the retuse against the barrier, which is one of the features of the 
design of the S.J. and Wye separators, docs not occur, and the 
probability of middlings and of clean coal particles being lost in 
the refuse may be increased. 

In Fig. 158 the adjustable cutter plates which cau.se the products 
to fall into .separate compartments have been omitted. As a rule 
the clean coal and middlings are collected along the near side’of the 
table and the refuse at or round the left-hand bottom corner. 

The inclination of the table deck is adjustable from the feed side 
to the discharge side and from the mechanism end to the* refu.se 
end. The highest point of the table is the corner where the feed 
is supplied and the lowest is the corner betw^een the discharge side 
and the mechanism end. At this corner the smallest clean crtal 
collects. The table is inclined upwards Jrom the mechanism end 
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to the refuse end, so that the refuse passes uphill and any coal 
particles entangled with it are no longer carried forward in the 
dirt if they can rise to the uppermost layers. I'he table is hinged 
along the side (Fig. 158) to provide the slope down the table. The 
slope is adjusted by two pins at the back of the table sliding in 
curved slots to which they can be locked in any desired position. 
Thf inclination from end to^end of the table is adjusted by a screwed 
rod working in a thread fixed to the main steel base. 

'rhe table is supported on a base of steel channels provided 
with cross-pieces. TIk^ rt^ciprocating motion is obtained by an 
eccentric connected to a driving rod. The eccentric is driven by a 
pulley operating through a Keeves variable-speed transmission. 
The Reeves gear consists of two pulleys keyed to parallel shafts, 
each pulley consisting of two cone shajx' discs with their apict‘s 
facing. One disc is fixed to the shaft, the otluT can slide along it, 
so causing the bell to drive nearer to or furtluT from the axis. 



The .sliding halves of each pulley are connected*so that one adjust- 
ment automatically regulates the distance between the faces of 
each pulley. By this means the gear ratio may be changed between 
limits. The gear is similar to the old Rudge motor-cycle multi gear 
and the Zenith gradua gear. 

The framework of the deck, to which the reciprocating motion is 
transmitted, is supported on an underframe by two short rocking 
arms. The underframe is fixed rigidly to the main steel ba.se 
channels. 

In America there are fifteen plants using Arms tables with a 
combined hourly capacity of 1,870 tons of coal per hour. At the 
A.shington Colliery, Northumberland, England, two Arms tables 
treat 40 tons of coal per hour. Before cleaning, the coal is sized 
into fractions with a size ratio of 2:1. The screen used is the 
Arms ccreen, consisting of a wire-mesh surface, placed nearly 
* horizontally, and vibrating rapidly to and fro. 

‘ * The Peale-Davis Table. — The Peale-Davis table was first 
erected in America in 19^4, and the first plant in England is being 



DRY CLEANING: PNEUMATIC TABLES 


359 


installed by the Woodall-Duckham Company for the Nunnery 
Colliery Co.,. Ltd., at Handsworth, near Sheffield, in connection with 
the Becker coke ovens which they arc also supplying. 

The table differs from other pneumatic tables in that it has a 
higher capacity and treats unsized coal. The principles of its action 
are, however, similar, a current of air passing upwards through a bed 
of material on a perforated and riffled deck, the table being oscillated 
in a longitudinal direction. It is made with capacities from ^5 to 
250 tons per hour, and the raw coal may consist of all sizes from 
3 in. lo o. 

The table is shown in plan in Fig. 159. For a capacity of 



Fig. iOo. — Section through Plant using Peale-Davis Table. 


250 t(ais per hour, the deck, 11, is 40 ft. long and 14 ft. wide. The 
riffles are disposed in a seric\s of V-shapes, as shown, and taper from 
the axis towards the sides. The deck consists of perforated plates, 
sloping upwards from the axis, and the perforations are spaced so 
that they are closer together near the feed end of the deck. By this 
means the air current is directed to the parts where the bed is 
thickest. 

I'he raw coal is supplied from a hopper, through feeders, 10, 
which ensure a regular rate of feed. The dirt, which sinks to the 
bottom of the bed, is trapped between the riffles and passes jDutwards 
from the centre to the sides where it is collected in a trough ancl 
discharged through shoots to twe^ belt conveyors, 18 and 19. The 
coal, however, passes over the riffles and towards the axis of , the 
table and is finally discharged on to the clean coal conveyor, 14, 
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running beneath the table and parallel to the axis. The coal and 
refuse are elevated and disposed of as required. 

The table is made to vibrate by an eccentric mechanism driving 
against springs at the discharge end, thus ensuring a rapid reversal 
from the forward to the backward stroke. The deck is supported 
on short rocking arms which arc inclined to the vertical so that, on 
the forward stroke, the deck rises slightly and falls on the backward 
stroke. The deck is inclined longitudinally, the feed end being 
lower than the discharge end. 

The air is supplied continuously by a fan, 12, to an air chamber 
below the deck. The amount of air varies according to circum- 
stances, but for large capacities is about 600 cub. ft. per minute for 
every ton of hourly capacity (30,000 to 40,000 cub. ft. p('r ton 
treated). In operation, the air blows some of the dust from t}u‘ 
coal, and this is collected by means of an expansion chamber 
provided with dust pockets, no fans, cyclones or filters being 
utilised. 

A section through the plant is shown in Fig. 160. The shoots, 20, 
deliver the refuse to the boot of the elevator, 21, which discliarges it 
into the hopper, 22. fhe clean coal passes from the caid of the 
conveyor, 15, to the foot of the elevator, ib, and into tlie liopper, 17 
The clean coal and refuse may then be delivered to railway wagons 
or disposed of by other means. 

No results are, of course, available of operation on Ih'itish coals, 
but tests on Pennsylvania coals gave the results in Table 100. The 
raw coal was 3 in. to o in size. 


Table 100. — Ivksulvs of Operaiion — Peale-Davis Tahle 


Kaw coal 
Clean coal 
Kefuse 


10-5 

7-0 

50-5 


Float and sink tests on the raw coal gave the results in 'fable 101. 


'Fable ioi. — Float and Sfnk Results, Pennsylvania Coal 


SG. 

Wt. piT 
cent, of 
Total 

Ash CoiiIlmH 
per cent. 

Wt 

per cent. 
Cumulative 

('uniulative 
A.sh Content 
per cent. 

1-3 

53-0 

3-2 

53-f) 

3-2 

I-3-1-4 

25-« 

7-5 

78-8 

4-6 

I -4-1 -5 

6-7 

13-5 

«5-3 

5-3 

i 

6-5 

20-9 

92-0 

6-4 

1-6-1 75 

2-0 

29-9 

94-0 

0-9 

>1-75 

6-0 

• 66-9 

loo-o 

10-5 
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From these results, it will be seen that the coal was not easy to 
clean, for it contained a relatively large proportion of middlings. 
Moreover, the coal fed contained 27*6 per cent. less than in. and 
47*6 per cent, between ^ and I in., the remaining 24-8 per cent, being 
up to 3 in. in size. In these circumstances the results were quite 
satisfactory. 

The purpose of the colliery was to pn^duce a clean coal containing 
less than* 8 per cent. <'ish. The ch'an cK3al actually delivered com- 
prised 93 per cent, of the* raw coal with an ash ('ontent of 7*5 p(*r 
cent., which is within 075 percent, of the theoretical minimum at a 
yi('ld of 93 per cent. 

The possibility of trt‘atiiig unsi/cxl coal, with only one table fora 
large capacity, suggests that tlie JVale-Davis tabic* may be preferable 
to other types, and cjperating ivsults on British coals will be watched 
with great interest. 

• 

The Raw Process. — The Raw process has been in operation at 
the Murton Colliery of the* South Hetton Coal Co., Ltd., Co. Durham, 
for about twelve months, and more recently at several other collieries 
in the county of Durham. It differs from all other proce.sses in that 
a vibratory motion of the separating surface is combined with a 
I)ulsatory air ])ressure. 

The coal is fed to the upper end of a longitudinally inclined 
table, from a device for ensuring a definite rate of feed, and travels 
forwards along the table in the direction of the slope. The table is 
actuated by eccentrics, the vibratory motion being parallel to the 
longitudinal axis. A stationary air chamber below the separating 
surface is connt*cted thereto by flexible material and a fan capable (d 
generating a .suitable pressure of air communicates with the air 
('hamber through ci,pulsator. 'fhe pulsator con.sists of a shaft carry- 
ing a pair of discs or spiders to which two oppositely-disposed circum- 
ferential vanes are attached. As the discs revolve*, the vanes rapidly 
pass a port in the end of the air chamber and sherp periodical 
fluctuations of pressure in the air cliamber are thus produced. 

Ill operation, unsized coal below about 2 in. is fed to the table, 
and a layer of about 4 to 6 in. deep trav(ds down the deck. The 
fluctuating static air pressure, produced by the operation of the fan 
and the pulsator, supports the bed en bloc, with a minimum volume of 
air leaking through. In the quasi-.suspended condition thus pro- 
duced, the denser material can fall to tlie lowest layers of the bed, dis- 
placing the lighter materials bodily. It is .said to be a true -density 
differentiation, independent of the influence of size. 

In plan, the table is divided into three portions, each consisting 
of a rectangular trough or cell. The troughs are of different widthfi, 
the one at the feed end being ihv. widest and the others progfessively ^ 
narrower. The floor of each trough is set at a slightly lower level than 
the preceding one, and they are cofmected by short relatively s^eep 
steps. Above each .step is a skimmer, consisting of a horizoida] 
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sheet of perforated metal with vertical walls in the shape of a V, 
whose point is towards the feed end of the table. These skimmers 
guide the upper layers of less dense material which have been 
stratified in the preceding cell to the sides of the table to be dis- 
charged. The object of the perforated base of the skimmers is to 
allow the removal of the upper layer to take place under the same 
static pressure conditions as obtained in the stratifying cell, thereby 
avoiding remixing of the stratified materials. The sides of the table 
are slotted at the forward end of each cell, to allow the skimmers to 
be placed at a suitable level in the b('d, and the skimmers converge 
towards the axis of the succeeding cell. The lower, and so far 
incompletely stratified layers flow down the step from the first cell 
into the next cell, which, being narrower, accommodates the material 
at the same depth as in the preceding cell. Further stratification 
is here achieved, and the remainder of the clean coal is removed by 
a second skimmer, below which the refuse and middlings flow down 
the third step into the last and narrowest cell. In this cell, the 
middlings and the re-fuse are .separated, lht‘ middlings being removed 
by a skimmer. The refuse' flows over a shoot which is attached to 
the extreme forward end of the deck and whose inclination is 
adjustable. By adjusting the upward inclination of the shoot 
relative to the deck, the amount of material discharged as refuse is 
under control. This final separation is under visual observation 
and responds to immediate adjirstment. 

The appliance maybe used with a steady, instead of a fluctuating, 
air pressure, but the pulsations maintain a more mobile condition 
in the bed, and thus facilitate separation. 

The.se tables are capable of handling 50 tons })er hour in one size 
of unit, and 25 tons per hour i»i the case ot a .smaller unit. 



CHAPTER XIX 


MISCELLANEOUS DRY-CLEANING PROCESSES 

A NUMHER of attempts have been made to separate coal from 
dirt by taking advantage of their different coefficients of friction, 
d'he amount of friction between a particle of shale and a plane over 
whicli it slides is greater than the friction between the same plane 
and a particle of coal of equal weight. If, therefore, particles of 
each material be given a certain impetus and slide over a surface 
for a given distance, their resultant velocities are different, and 
means may therefore be devised by which the particles can be 
separated. The difference between different methods of effecting 
the .s(‘paration of coal from dirt by taking advantage of their different 
coefficients of friction lies in the manner in which the different 
velocities are utilised. 

In practice, when the separation is effected on an inclined plane, 
the particles are .shot on to the plane and they therefore begin to 
slide with an equal initial velocity (w). The forces acting upon 
any given particle are, firstly, the component of the force of gravity 
resolved down the plane ; and, secondly, the frictional resistance to 
motion. The resultant acceleration of the particles sliding down 
the plane in air may therefore be expressed by the equation 

ar^s dv ... * „ 

^ ~ ^ sm a — ar^s u cos a 

g dt ^ 

adopting our standard notation. The acceleration, g (sin a — /x 
cos a) is constant, involving only terms which are constant for a 
given particle. 

After .sliding a distance, /, the velocity of the particle will be 
V — \/ 4- 2gl (sin a — /X cos a) . 

If the plane is I units long, when the particle reaches the end of 
the plane and slides off it, it will be moving with this velocity in a 
direction inclined at an angle a to the horizontal. This velocity 
may be resolved into two components, equal to v sin a in h vertical 
direction, and v cos a in a horizontal direction. Its trajectory will, 
therefore, be the result of a vertical acceleration due to gravity from 
an initial velocity of v sin a, and a constant horizont.*^ velocity 
equal to v cos a. • 

Assuming the fall to be arre.‘ited by the particle falling on to a 
plate placed a; units of length below the lip of the plane, the? time 
to reach the plate will be 
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“(V sin® a + 2gx — v sin a). 

During this time the particle will have travelled a distance equal to 


~ V cos a (V sin® a + 2gx ~ v sin a) 

S 

in a horizontal direction. 

For two particles, one o‘f coal and one of shale, the distance 
travelled horizontally will be different during the time required to 
reach the plate, because the value of v will be different. Idiey will 
then'fore reach the plate at different points. By taking advantage 
of this fact, the coal can be made to fall on one side of a partition 
and the shale on the other side of it. 

In practice the interference created by a number of particles 
moving together results in any such simple method of collection 
being inadequate, tly^iigh it has been used witli fairly satisfactory 
results for special work both in ore-dressing and coal-cleaning 
practice. The commonest way in which it has been employed, 
however, and that only rarely, was by an arrangement of several 
inclined planes, spaced laterally with gaps between them. The 
coal particles could jump across the gap, whereas the shale particles 
could not do so, but fell through the gaps into a collector placed 
beneath them. 

Several other modiheations of the method have been employed 
from time to time, but, except for the simplest purposes and for 
relatively large particles (say, over J in.), they have never come into 
general use. 

Nevertheless, there arc other appliances wliich have been em- 
ployed extensively for the separation of dirt from coal and which 
depend upon similar principles. Certain revolving tables and 
spiral separators are cases in point. In each process the coal and 
shale are made to take separate paths whilst still in contact with 
the separating surface, the paths being the result of different amounts 
of frictional resistance to their motion. Before describing them, 
certain inherent drawbacks to processes dependent upon frictional 
differences may be mentioned. 

There are a number of factors which influence the velocities 
acquired by sliding particles and which, flierefore, have a bearing 
on the design of apparatus utilising the proi)erty of friction. In 
general, these factors, such as the shapes of the particles, the exact 
hygroscopic state of their surfaces and of the surface of the plane, 
vary from coal to coal, and make the adoption of any standard 
design of limited application. The object of the design is to cause 
the particles to acquire as widely differing velocities as possible. 
For example, on an inclined plane, the best inclination would be 
one which caused an acceleration of the coal and a retardation of the 
dirt. For such a design to be of wide application and to apply it 
extensively, it would be necessary that different coals should vary 
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little in certain properties. On the other hand (Table 102), it has 
been found that different coals have different coefficients of friction, 
and that variations are also found in the same seam. Similarly 
there is no common coefficient of friction for the dirt associated with 
coal, the variation being greater than for coal particles because the 
nature of the dirt varies in different seams, and even in different 
partings of the same seam. 

Frictional resistance is also of considerable importance in the 
u.se of inclined screens, and it is convenient to state here some of 
the experimental results that have beon obtained, and which are 
applicable to both coal-cleaning and screening appliances. The 
coefficient of friction of a particle on a given surface can be measured 
by the angle at which the surface must be inclined for the particle 
to begin to slide down the plane. This angle determines the co- 
efficient of '' static '' friction. In practice the coefficient required 
is that for “ kinetic ” friction, and this is measured by the angle 
of the plane at which the particle, if it is ctiused to move, will 
continue to move. A number of experiments have been conducted 
to determine this angle for different coals and other minerals, a 
few selected results being quoted in Table 102. 


I'muj'. 102. — Data Relative to Friction 


SubstaiK 1' 


NatuH of itlanr 


Anglr of slope 
to nitiiritam 
motion 
1 )('grors 


Authority, 


('oal (l<irg(' lnni]>s) 
(jiiaiiz 

Limestono . 
Anthracite (34-2,;. 111 ) 


Steel plate, 
do. 
do. 
Glass 


do. 

do. 

do. 

S. Illinois coal 
()-in. luni]) 

Slack 

Hritish Ihtununoii.s C’o.d -- 
\ in. . 

I in. 

Hritish Cannel Coal 
I in. . 
i in. . 

British Anthracite - ] in. 

^ in. 

Charcoal — J in. 

Curly Shale — in. . 

i in. . 


I Mang<iiK:se bronze 
Sheet iron 
j Cabt iron 

Bright steel 
do. 

i do. 

I do. 

do. 

do. 

do. 

do. 

do 

do. 

! do. 


2 f> 

Louis.* 


do. 


do. 

10^ 

Coal Miner's Pocket 

Book . 


do. 


do. 

lb 

clo. 

20 { 

Holbrook and Erazcr.t 

22 A 

do. 

21 

Carson, t 

20 ^ 

do. 

2 1 

do. 

20 * 

do. 

10 

do. 


do. 

13 

do. 

18 

do. 

23 

do. 


* “ The Dressing of jy^inerals," 1909, p. 13. 
t Bur, of Mines, Bull. 234, 1925, p. 43. 

J N. of Eng. Inst. Mm. Eng., 1927. 
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There is a third coefficient of friction which may be of considerable 
importance in certain coal-cleaning appliances and in the design of 
belt conveyors, namely, the coefficient of rolling friction, but this 
subject has received little study, and it is usually considered that 
coal will roll down a slope inclined at 20 degrees to the horizontal, 
provided that the surface on which the coal rests is in motion. 

It will be seen from Table 102 that for lump bituminous coal the 
sliding angle may vary from 20^ to 26 degrees. The range would 
probably be found to be still greater if more results were available. 
For different sizes of a given coal there is a range of several degrees. 
These differences may be due to the influence of the shape of the 
pieces. Certain gas coals, which have an approximately cubical 
shape, will require a less steep inclination than will other coals 
which break into flatter fragments. In general, shale has a flat 
shape, the length and breadth of the fragments being greater than 
the thickness. An occasional thin flat piece of coal, mixed with 
more nearly cubical particles, might easily, therefore, be lost with 
the dirt. 

These various factors not only influence the design of appliances 
dependent for their action upon frictional forces, but they arc 
responsible for the fact that no such appliance can be universally 
applicable to coal cleaning. Certain coals could not possibly be 
cleaned by such processes because the shale and the coal have 
approximately the same coefficients of friction. Other coals require 
very close sizing before they can be cleaned. 

It will be seen that, usually, there is a wider difference between 
the coefficients of friction of anthracite and shale than between 
bituminous coal and shale, and for this reason anthracite is usually 
easier to clean on “ frictional " appliances than bituminous coal. 

The experiments of Nettlevon [Trans. Inst. Min. Eng., 1921-2, 


Table 103. — Data Kelativic to Friction 



Anglo for 


80 per cent. 


to Slido. 


Dog. 

Typical coal-measure shale (Yorks.) — 


1 - f in 

21 

A-'l. 

23 



27J 

Fresh coal ....... 

1 27 

Coal stored for four months 

! 22J 

Coal from Silkstone seam (Yorks.) 

22 

Shale from roof of Silkstone seam* 

24 i 




WMi 


MISCELLANEOUS DRY-CLEANING PROCESSES 367 

62, 69) are also interesting. Nettlcton determined the angles of 
slope of a sheet of plate glass required in order that mineral matter 
placed thereon should slide when the surface was tapped. It should 
be noted that the angles, therefore, relate to static friction. Some 
of his results are given in 'Fable 103. 

From these results the influence of size on the coefficient of 
friction is apparent ; the shale samples between the sizes of and 
I in. required slopes differing by over 30 per cent. For the Silkstone 
coal and’roof shale there is only a difference of 2 i degrees, corre- 
sponding to a difference of 12 per cent, in their coefficients of friction. 
For the sample of coal from the Silkstone seam (Yorks.) the coefficient 
of friction is 0*4040, for the shale, 0*4557. 

The Spiral Separator. — The spiral separator was invented by 
Pardee and first installed in the anthracite fields of the U.S.A. in 
1898, though somewhat similar appliances had previously been 
used. At one time it was regarded favourably in the U.S.A. , and 
large numbcTs of separators were in operation in the anthracite 
districts. A certain number were also employed for the cleaning 
of bituminous coal, and it is stated that in 1922 there were 4,000 
spirals working. In this country spiral separators have been tried 
at sev(Tal collieries, and in many instances the operators express 
dissatisfaction with them ; at others they are considered to cornbine 
an adequate efficiency of operation with low initial and upkeep costs. 

File principal objections raised against spiral .separators arc : — 

1. 'Fhat they arc inefficient after standing for a day or two. 

2. 'J'hat a tub of moist coal interferes seriously with their 
efficiency. 

3. That Ihe fc'cd must be uniform in quality. 

'Fhese three objections arc .serioifs drawbacks to the adoption 
ol spiral sei)aratoi»> on an extensive scale, but the advantages they 
offer of ch(‘apness and high efficiency under correct control suggest 
that, for .spc'cial purjxises, they are worthy of consideration as an 
alternative to other more costly processes of coal-cleaning. This 
is especially the case when the coal as mined is a dry coal, and 
where only one seam is being worked. 

'J'he objection that the spiral .surfaces tend to rust on standing, 
and that the frictional forces brought into play are then unduly 
great, has frequently been over-emphasised. The trouble only 
arises for a short interval of time, about half an hour, after a week- 
end stoppage and, if other things be equal, is not proportionately 
greater than similar difficulties in other processes. Spiral .separators 
have, indeed, a certain advantage that, since the process of separa- 
tion and the products arc visible, the adjustments necessary on 
starting up after a stoppage can quickly be made by the attendant. 

The construction of .spiral separators is illustrated in Fig. 161., 
In operation, the coal is fed from j shaking feeder into inclined feed 
shoots. In sliding down the shoots, the particles acquire a certain 
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initial velocity before entering the spiral column. In sliding down 
the spiral column, the dirt particles, because of their high coefficient 
of friction, do not accelerate but slide down near to the axis and are 
delivered at the bottom. The coal particles, however, acquire an 
increasing velocity and, as a result, acquire sufficient centrifugal 
momentum to reach the edge of the spiral surface and pass over 
into a separate collector. 

The spiral consists of a central pillar with a series pf helical 
plates built around it. The plates, or threads, are inclined down- 
wards towards the central, pillar, the amount of inclination being 
varied for different coals. The pitch of the threads may also be 
varied to allow for the difference. Thus, for anthracite, a pitch of 
28 in. is usually employed, whereas, for bituminous coal, the spiral 
threads make one complete turn around the central post in 36 in. 
The downward inclination of the surface of the threads towards 
the post and the pitch are, of course, only variable in the original 
design, and not during operation. The slopes, once the plant is 
erected, are invariable. 

The spiral threads, which constitute the st^parating surfaces, 
an^ made of steel plates with a slightly ridgc'd or corrugated surface. 
Three parallel threads arc arranged around the ccuitral post, and ihn 
feed .shoots at the top of the separators are arranged so as to divide 
the material fed to them into three equal parts. On each separator, 
therefore, there are three separating surfaces. These may be 
seen in Fig. 161, which is a photograph of a battery of spirals in 
course of erection. In this photograph there appc'ar to be four 
threads, but the lowest one is the clean coal collector. When the 
.spiral is complete, a jacket is fixed to the lowest thread and sur- 
rounds the three upper ones. The coal passing over the edge of 
one of the three threads is cdught by the jacket and continues to 
slide downwards inside it. 

When the particle is sliding downwards along a thread its 
motion is governed by a number of forces. Imagine the particle 
to be situated, at any instant, on a thread midway between its rim 
and the axis. The forces acting on it arc the forces of gravity 
(acting partly along the direction of the thread, and partly towards 
the axis), the force of friction, and the centrifugal force due to the 
velocity of the particle. It can be shown mathematically that, on 
a thread of constant inclination, if a particle begins to move out- 
wards towards the rim {i.e., if the centrifugal force exceeds the 
component of gravity towards the axis) it will continue to move 
outwards until it reaches the rim, and will not take up any path at 
a constant distance from the axis. To prevent .shale from reaching 
the clean coal, therefore, the conditions must be such that the shale 
particles^ never acquire sufficient centrifugal force to cause them to 
•mount the thread, but must be made to “ hug '' the axis. 

There are, however, middlings particles, some of which it is 
desirable to include with the clean coal, and others of which must 
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be discarded. Middlings are dealt with by permitting them to 
move outwards towards the rim and retarding their progress by 
making them pass over a surface with a higher coefficient of friction. 
Their veloqity, and hence their centrifugal force, is thereby reduced, 
and by careful adjustment some of them may be made to move 
back towards the axis, and others to proceed towards the rim and 
into the clean coal collector. 

The plates with an increased coefficient of friction are arranged 
at intervals along the threads and near to the rim. They consist 
of steel plates with perforations, the perforations increasing the 
resistance to particles sliding over them. They are visible at A, 
Fig. 161. As the material travels down the thread, the middlings 
particles reach a position near to the rim and encounter the increased 
frictional resistance of the perforated plate. They are then checked 
and take up a course nearer to the axis. The perforated plates, 
or half-covers, are adjustable, so that they can be removed either 
partially or entirely, leaving the plain surface underneath. The 
amount of perforated plate exposed is adjusted so that the light 
middlings are not sufficiently checked to prevent them passing over 
the rim at some Iowct position in the separator, whereas the heavier 
middlings particles do not pass over into the coal. 

'fo facilitate the discharge of coal particles, there are occasional 
V-shaped gaps in the plates, the apex of the V being nearest the 
axis. The gaps are provided by adjustable wing-plates, so that the 
width can be varied. Particles which are near to the rim are thus 
enabled to fall through the gaps, whereas those nearer to the axis, 
and therefore to the path of the true refuse, are unable to do so, but 
jump across to the next portion of the spiral. 

Since the separation effected on spiral separators is said to be 
dependent solely on frictional coefficients, it would appear that these 
two devices for sotting the middlings arc particularly arranged to 
deal with particles whose surfaces differ from those of coal and shale. 
If the separation is independent of specific gravity, there should be 
no doubt about the path of intergrown particles. If they slide 
on a surface of shale they should pass to the refuse ; it of coal, they 
should travel over the rim into the clean coal collector. The half- 
covers of perforated plate and wing-plates would, therefore, seem 
to b(‘ designed to deal particularly with such materials as the 
“ bone ” coal associated with American coals, but rarely found in 
English coals, and they may be of no benefit as a means of removing 
from the coal any particles of a high ash content which slide on a 
coal surface. On the other hand, with intelligent adjustment, they 
may be capable of correcting slight troubles arising from the different 
hygroscopic states of the surfaces due to changes in the atmospheric 
humidity, or other causes. • 

Although, as has been stated, adjustments are provided so that 
middlings particles are encouraged to pass into one or the other 
product, provision is made for the collection of a separate middnags 
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fraction. This is accomplished by means of either a baffle or a wing 
plate adjustment at the bottom of the separating threads, which 
deflects those particles which reach the bottom near to the rim of 
the surface into a separate collector. 

In the operation of spiral separators there are a number of matters 
that require close attention, some of which are matters of design, 
others of operation. For example, the coal must be carefully and 
efficiently sized, for inaccuracies of screening are reflected in in- 
efficient cleaning. Suitable sizing for cleaning British bituminous 
coals divides the raw coal into four grades — 4 to 2| in., 2^ to in., 

to 2 in., I to I in. Coal below | in. cannot be cleaned on spiral 
separators, and coal greater in size than 4 in. may be more cheaply 
cleaned by hand-picking. 

It is also essential that spirals should never be overloaded. 
Each particle of material treated follows its own course down the 
separating surfaces, and if the feed is too rapid, coal particles may 
be overcrowded by ‘dirt particles and be lost, or, on the other hand, 
dirt may be pushed over the rim by coal particles. The capacity 
of spirals depends upon the size of feed treated and the amount of 
coal in the refuse. With raw coal below i in., each separator can 
usually deal with 6 tons of raw bituminous coal per hour. With 
coal above i in., the capacity is about 8 tons per hour, and with the 
largest sizes, 12 tons per hour may be handled. The capacity is 
lowered, however, if the coal contains more than about 15 per cent, 
of refuse. These capacities, being maxima, are seldom reached in 
practice, because of the varying percentages of different sizes in 
the coal delivered to the cleaning plant. 

The arrangements for feeding the coal into the spiral shoots 
arc designed to give as regular a rate of supply as possible. 3 'he 
coal must be passed into the sjnral .shoots with only a low initial 
velocity. The inclination of the feed shoots is adjustable by means 
of a lever in such a way that, when the particles reach the spirals 
proper, they will be travelling with the optimum velocity. For 
bituminous coal, the standard equipment allows of a variation in 
slope from 6 to 4 in. per foot ; for anthracite, the slope may be 
varied from 4^ to 3 in. per foot. Because satisfactory sizing is a 
necessary preliminary to cleaning on spirals, fracture after .screening 
must be minimised, and for this reason the screens should be as 
near to the separators as possible. A certain amount of fracture is 
inevitable. Particles of coal of smaller 'size than those for which 
the spiral is designed, pass down the separator in the path of the 
dirt. These particles are removed from the refuse by perforating 
the refuse-discharge shoot at the foot of the separator so that the 
small coal particles pass through the bottom into the shoot conveying 
the mixed product. This product is generally used for boiler firing, 
or is crushed and re-treated. In these circumstances, the small coal 
discharged with the refuse, eithep through fracture or mischance, is 
not wasted. 
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The clean coal which passes over the rim of the separating 
threads during passage down the spirals is collected by the outer 
jacket, down ‘which it slides to a shoot at the foot. It passes thence 
along a belt conveyor for elevation to the loading bunkers. The 
middlings collected from the rim of the threads at the bottom of the 
spiral are passed into a second shoot for conveyance by a travelling 
belt to a crushing plant, and the refuse is also discharged by a shoot 
to a third travelling belt for removal from the building. 

Spirals are arranged in batteries. A battery usually consists of 
eight separators, two being provided for each size of coal. The clean 
coal, middlings and refuse belts travel past the spirals, so that the 
products of each spiral in the battery are collected together. When 
the clean coal is to be sold on a size basis the clean product from 
each pair of spirals is collected separately. 

in operation with certain coals and under proper supervision, 
spiral separators can yield a product containing not more than 
2 per cent, of coal in the refuse or of dirt in the coal. For example, 
in two tests at Hazelrigg Colliery, and two other tests at Netherton 
( olliery, the average losses of coal in the refuse and of refuse in the 
coal were stated to be : — 


Coal in Kef use 
per cent. 


J^irt in Coal 
per cent. 


Hazelrigg 

Netherton 


i'06 

1-58 


i*ig 

1*27 


The principal objections that have been raised against spiml 
s('parators have be('n stated. Whereas much of the criticism is 
justified by the inherent difficulties of the process, except with 
specially-select('d coals, much of it may only be ju.stified by lack of 
elfu'ient control and operation. From the de.scription that has bet'ii 
given it will be apparent that careful regulation of the operating 
details of the plant is required , and that, in cases of any irregularity, 
or lack of uniformity in the feed, intelligent adjustment is necessary. 
Under these conditions supervision should be in the hands of a skilled 
and experienced operator, instead of (as is common in coal-cleaning 
plants) in the hands of a labourer. If skilled supervision is required 
its cost can only be borne if the plant is a relatively lar^e one. 
(iiven a suitable coal of suitable size and proper supervision, there 
is reason to believe that spiral separators are a u.seful and cheap 
alternative to wet-washing proce.sses. In this country certain 
Durham and Northumberland coals and certain gas coals fntm other 
districts have been found suitable for treatment on spirals. 

There are several features of spiral separation which the practical 
operator will view with favour. The cleaning process itself reqiufes 
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no power, a feature almost unique. The only power required is 
for the elevation and screening of the coal and the conveyance of 
the products to suitable points, but these power requirements arc 
common to most cleaning plants. Secondly, an irregular feed 
(provided the rate never exceeds the maximum) can be used, and 
the whole plant can be stopped in a moment by shutting off the 
feed. 

.In comparison with other dry-cleaning processes, the^ principal 
objections to it are its limited applicability, its inability to deal with 
coal below jj in. and the constant and careful supervision required. 
Moreover, with coals of a friable nature there is a considerable 
amount of fracture. 

The Berrisford Process. — A process for the dry (‘leaning of coal 
has been worked out recently by Messrs. W. H. and S. R. Berrisford, 



Fk.. i() 2.— Th(‘ I^rnsford Process : Diagriiin. 


and plants have been erected at Norton and Whitfield collieries, 
Staffordshire. At Norton, coal from to ^ in., and at Whitfield 
2 in. nuts are treated {Trans. Inst. Min. Eng., 1926, 72, 97). 

The method of separation is shown diagrammatically in Fig. 162. 
The raw coal is supplied from a jigging feed to a step, whence it 
falls on to an inclined plane. Coal particles have a tendency to 
bounce along the plane and to gather .speed. Dirt particl(\s, on the 
other hand, are said to have less resilic^ncy, and slide slowly down the 
plane. When they reach a gap in the pfane, the shale particles are 
moving slowly, and fall through the gap,' whereas the coal particles 
are moving rapidly and jump across it. 

A number of difficulties arose during the initial experiments, but 
these were overcome in the design shown in Fig. 163. 

It was found to be necessary to ('nsun' that the particles had a 
unifornt initial velocity. This has been achieved by feeding the 
raw coal from a jigging pan A (Fig. 162) on to a .stationary step B, 
a row of particles being left oif B when the jigger is withdrawn. 
Oh the forward stroke of the jigger the row of particles on the step 
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is pushed on to an extension piece C, actuated by the jigging 
mechanism. When the jigger moves backwards a second time the 
member, C, is withdrawn beneath the stationary step and the 
particles fall on to the plane from a constant height, and with a 
uniform speed. 

The surface of the inclined plane consists of a glass plate, and its 
optimum length has been determined as the result of repeated trials. 
With planes which were too long, the co^l caught up the dirt sliding 
down in front of it and the collisions interfered with their independent 
progress. If the plane were too short, the coal was still bouncing 
when it reached the gap, and occasionally fell into it. The difficulty 
was overcome by bending the lower end of the surface in a hori- 
zontal direction to form a lip. As it reaches the lip the bouncing 
motion of the coal is destroyed, and both the coal and the dirt 
I)articles slide forward. The lip has the further advantage of reduc- 
ing the speed of the dirt, which is alw^ays sliding already, by a greater 
amount than it reduces the speed of the coal. 

The gap is divided into two portions by a division plate. The 
particles falling into the first portion of the gap are pure dirt ; 
those falling in the second part contain middlings, together with some 
coal and shale. These are passed to a second plane beneath the 
first, where they are separated at a second gap. 

The inclination of the plane can be varied by aji eccentric 
adjustment, and the width of the gap by a rack and pinion. Experi- 
mental data are given in Table 104. 


Table 104. — Operating Data. Berrisford Separator 


Size of Coc 1 

Heiglit of Fall 

T.englh offilide 

l.englh of Lip 

Width ot Chii 

in. 

. in. 

in. 

in. 

in. 

2- I 

5 

12 

2 

8 

14- i 

4 

12 

2 

7 

i- i 

2 

9 


4 

1- 1 

I 

4 ^ 

I 

•d 

i-'A 

7 

8 

24 

1 

1 


At Norton, with coal from i] to J in., the average ash content 
of the clean coal for four months was 7-3 per cent., the raw coal 
containing 30 per cent, of free dirt.'' For coal above i in. in 
size, a machine occupying the space of a 7 ft. cube has a capacity 
of 15 tons per hour. It is necessary to size the coal between fairly 
close limits before cleaning. • 

Provision is made for an air-blast over the surface of the inclined 
plane. The air current created •is not an essential part of the 
method of separation, but is provided to dislodge any dust winch 
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collects on the glass surface, and which might interfere with the 
efficiency of the process. No provision appears, as yet, to have 
been made to collect this dust; its amount is said to be slight, 
and the amount of fracture of the coal is also said to be almost 
negligible. At pre.sent the process is not used for coal below | in. 
in size, and its principal drawback in operation is a high loss of coal 
in the refuse. The Berrisford plant shares with spiral separators 
the .advantages of requiring, no power and being able to work with 
an irregular or non-uniform feed. 

The Etna separator recently installed at one of the Baddesley 
Collieries Ltd.’s pits is similar in principle and general design to the 
Berrisford separator. 

The Dry Coal Cleaning Co.’s Process. — In this process, intro- 
duced recently in England, the separation of dirt from coal takes 
place in two stages, in which different principles are employed. 

The primary stage is accomplished in wooden troughs, shown in 
P'ig. 164, which is a photograph taken whilst the machine was in 
operation in a South Wales colliery. The raw coal is fed from 
the shoots at the back of the building shown in Fig. 164 into the 
inclined troughs, in which it spreads out into a thin layer, practically 
all the particles coming in contact with the surface. The trough is 
given a jerking movement, backwards and forwards, by means of a 
crank shaft, and the particles move down the plane under its 
influence. In so doing they arc thrown against a series of converging 
wooden baffles, .spaced at intervals in their path, which cause the 
edges of the layer to converge and form a deeper bed of material. 
As the particles squeeze together, those of the lighter material 
(coal) mount upon the heavier ones and the bed thus becomes 
stratified. The light particles in the upper laycTS of the bed pass 
(jver a horizontal diaphragm and travel further along the trough, 
where the process of spreading, convergence ‘ and mounting is 
repeated. The heavier particles in the lower layers, however, 
pass under the diaphragm and are led into shoots to be recleaned in 
tlie secondary stage. 

These shoots, and the apparatus for the secondary stage of the 
same plant, are shown in Fig. 165. There are four shoots, each 
leading to a separate table. Each table is given a rapid transverse 
oscillating motion, acro.ss the line of its inclination, and the })articles 
first of all spread out under its influence and then travel diagonally 
across the table against a barrier. The resistance of the barrier is 
said to ^cause a rebound which spreads out the coal according to 
density differences. The angle of inclination is adjustable. 

In both stages of the process, a current of air is blown on to the 
particles, assisting them in their movement and tending to keep the 
bed in » loose condition. The quantity of air used is about 4,000 
^cub. ft. per hour. 

(^oal below i J in. is treated iA^ithout preliminary clas.sification. 
In‘the plant in operation, a unit consists of two primary troughs and 
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eight secondary tables, but, for most coals, ten secondary tables 
are recommended for each primary trough. The capacity of such 
a unit would be about 10 tons per hour on coal below i in. A power 
consumption of about 2 h.p. is required to actuate the apparatus, a 
stroke of about i in. being imparted 350 times per minute. 

The plant described has been modified considerably since erection 
and the primary troughs now effect no classification. In future 
plants, only the larger sizes of coal, over i in , will be recovered by 
the primary process, all the material below i in. passing to the 
sec()ndary tables for separation. The finest dust is removed from 
the refuse, and this may be mixed with the coal, or divided by 
screening into further fractions, some of which can be mixed with 
the clean coal. 


CENTRIFUGAL SEPARATION 

The principles of centrifugal separation have been employed 
to remove dirt from coal, but without marked success. The feed, 
which must be sized, is fed on to a rapidly-revolving disc and is 
projected radially from it. The trajectories of the particles depend 
upon the momentum which they have acquired when they leave the 
disc, and the large and heavy particles are thrown a greater distance 
than the small and light ones. The products can thus be collected 
in a series of concentric troughs. This was the method employed 
in the Clarkson-Stansfield separator used in Wales in 1890. In the 
l-^a}^e-Henneberg s(iparator, the reparation was assisted by a gentle 
centripetal air current. 

Several types of enclosed centrifugal separators have been tried 
for various purposes, but, except for the removal of water or colloidal 
material from sliryes, they have been found unsatisfactory, owing 
largely to the difficulty of making the machine continuous in its 
action. 
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PROCESSES USING MEDIA OF. HIGH DENSITY : THE CHANCE* PROCESS 

Processes for coal cleaning which make use of a separat- 
ing medium having a higher density than water are frequently 
called flotation processes. The use of this term is apt to be con- 
fusing, for " flotation '' is established as an abbreviation of the 
term “ froth flotation/* Though this abbreviation may be un- 
fortunate, there are certain grounds to justify its use. The aggrega- 
tion of air bubbles and solid particles which collects at the top of a 
froth-flotation cell lias a specific gravity less than that of water, and 
it rises to or floats on the surface because of its Iowit specific gravity. 
Once the association of the particles with the air bubbles is accom- 
plished, the process is strictly one of flotation. 

In the Chance process, which at present is the only commercial 
process employing a medium of higher density than water, the 
separation of coal from dirt is effected in an upward current of a 
medium of sand and water, and it is partly a flotation process and 
partly a process of upward-current classification. It would therefore 
seem advantageous to discard the use of the term flotation as 
applied to the Chance process, and to confine its use to those of 
froth flotation, and to any future processes in which separtition 
of raw coal into a floating portion and a sinking portion is effected 
in a body of fluid which, to alf intents and purposes, is still. 

HISTORICAL 

The idea of separating coal from dirt by using a liquid of high 
.specific gravity, in other words, of doing float and sink ex])eriments 
on a large scale, was first suggested by Sir Henry Bessemer in 1858, 
though Berard had used it on a small scale for examining coals 
before washing. Since then the method has appealed to a number 
of inventors, but, despite the simplicity of the principle and the 
liigh efficiency to be expected, the results obtained hitherto (the 
Chance. process excepted) have been disappointing on account of 
difficulties of operation. 

Sir Henry Bessemer (B.P. 1724, 1858) proposed to remove the 
impurities from coal by “ immersion in a tank or bath containing 
a fluid, Vhe .specific gravity of which is greater than pure coal and 
• less than the substances to be separated therefrom." In his proce.ss, 
the floating particles were removed by revolving or reciprocating 
skimmers or rakes and the sinking particles by buckets or by an 

• 370 
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endless screw or revolving sluice, the bottom of the vessel being 
cone-shaped to aid the collection of the sinking particles at their 
discharge point. By these means the process was made continuous. 
The fluid adhering to the separated particles was removed by 
filtration, or drainage, or in centrifugal dryers. 

The fluid used consisted of any cheap liquid and a solution of iron 
dissolved in muriatic acid (ferric chloride) was found to be suitable. 
Manganese chloride and barium chloride were also cited, but .the 
best solution was calcium chloride. When metallic salts were used, 
the solution recovered by washing the clean coal and refuse with 
water was concentrated by evaporation for further use. The clean 
coal was to be used in the raw state with or without the addition 
of pitch or of lime or for coking purposes. 

A similar process was used in Germany in 1859 by Englinger, 
and by Brown in America in 1884. A large plant was also erected 
at the Laura and Bolhdrst mine near Minden, Germany, but after a 
long trial it was abandoned. 

In all these methods an aqueous solution of calcium chloride or 
other suitable salt was employed. In IQ18, however, the Chance 
process was devised, in which the medium of high specific gravity 
was obtained by maintaining a suspension of sand in water, so that 
tlie mixture behaved as a fluid body with a density higher than that 
of water. The sand was easily removed from the products and 
returned to the .separating vessel, and continuity was assured by 
causing the clean coal to enter at one side of the vessel and to over- 
flow at the other .sid(‘ in a current of the .separating medium. 


THEORF/nc AL CONiSIDERATIONS 

It is unnece.ssary to consider the theory of separation of coal 
from dirt in a solution of calcium chloride, the separation then 
depending solely upon dillerences of specific gravity. In the Chance 
process, however, the required density is obtained by maintaining 
sand grains in suspension in an upward water current, and the 
influence' of the size of the coal and dirt particles must then enter 
into consideration. 

It has Ikvii .shown in ('hapter HI that the speed of an upward 
current of water required to prevent a given particle from falling 
against it may be expre.ssed in the form 

V = KV y(s — i), 

where V is the current speed, K is a constant, r is a linear dimension 
of the particle, and s its specific gravity, the .specific gravity of 
water being unity. From this formula it may be calculated that 
a water current of .speed 0*82 ft. per second will support coal particle? 
of S.G. 1*3 up to I in. iji size, but*will not support shale of S.G. 2 6, 
and of size greater than o*2 in. In a liquid of S.G. 1-25, a curfent 
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of the same speed will support coal particles up to a size of 7-5 in. 
and shale to a size of 0*3 in.* 

It will be noted that, with an increase in the specific gravity of 
the medium from i to 1*25, the size of shale particles supported is 
increased slightly from 0-2 to 0*3 in., but the size of coal is increased 
considerably from i to 7*5 in. In a current of a fluid of S.G. 1-25 
moving upwards with a speed of 0*29 ft. per second, all coal of size 
o to I in. could be separated from shale of size 0*045 to l in. This 
shows that by using a fluid of higher specific gravity than water, a 
much lower current speed can be used (0*29 ft. per second instead 
of 0*82 ft. per second) and a wider range of sizes can be separated 
by it (0*045 to I in. instead of 0*2 to i in.). 

Moreover, if the fluid had a density more nearly approaching 
that of coal, say, 1*28, the separation is further facilitated, for a 
current speed of 0*23 ft. per second would separate all the shale 
from coal of size 0*027 (^’o) ^ i^^* 

In these calculations it is assumed that the value of the constant 
K remains the same wIk'u water is replaced by a mixture of sand 
and water, and also that the motion of the particles is unrestricted 
by the presence of other particles. Actually the particles of dirt 
sink through and into a bed of other dirt particles, and in these 
circumstances it is not unlikely that the ratio of separable sizes is 
increased. 

The current speeds and sizes given are arbitrary ; they are not 
absolute, but they are relative, and they illustrate the principles 
upon which the Chance process depends. They show, for example, 
that a process such as the Chance can deal with an unsized feed, 
whereas in a process such as the Draper, in which an upward current 
of water (S.G. 1) is used, it is necessary to size the coal before washing 
between limits of size in the ratio of about 3 to i. They show also 
that processes using media of specific gravity greater than that of 
water are capable of control in tw'o respects, firstly, the effective 
density of the fluid employed, and, secondly, the speed of its upward 
movement. 


THE CHANCE PROCESS 

The Chance process for washing coal was designed originally 
for cleaning American anthracite, but, in October, 1925, a plant 
was erected at Mount Union, Pennsylvania, for treating bituminous 
coal. For the latter purpose, the operation of the process differs 
in the specific gravity chosen for the medium. The general lay-out 
of the plant is similar, but integral parts of it are differently dimen- 
sioned. 

In Atnerica the bulk of the anthracite produced requires prepara- 
•tion before it can find a satisfactory market. A hundred years ago, 
only the thick and clean seams of ^^nthracite were mined and material 

^ The values of K given in Table 43, Chapter Vl, are u.sccl fur these calculations. 



PROCESSES USING MEDIA OF HIGH DENSITY 379 


below f in. was discarded. Since that time the smaller sizes have 
been used until, at the present time, practically the whole output 
is marketable’, though the portion below in. has no ready market. 
As in this country, anthracite must be carefully sized before shipping, 
and the standard sizes to-day are : — 


Egg . 

Stove I XT 
Chestnut ) 

Pea . 

Buckwheat No. i 


Buckwheat No. 2 (Rice) 
Buckwheat No. 3 (Barley) 
Buckwheat No. 4 


In. 

3T5-2i 
-I A 

iH 
i -i 

I “A 


In general, American anthracite may be cl^issed as a high-ash 
fuel. In many seams the smaller sizes of the run-of-mine coal 
contain more ash than the larger sizes ; in others, on the other hand, 
the larger sizes are the higliest in ash. Frequently the ash content 
decreases with size to about 28 mesh, below which the ash content 
increases. The standard method of preparation is to hand-pick the 
sizes larger than nut, to crush the rejected material and remove the 
(Hrt by mechanical means or by washing. It is generally necessary 
to clean mechanically all the anthracite below nut size if it is to be 
readily saleable. 

For many years, jig-washers treating closely-sized material, were 
used for washing. They were troublesome and often inefficient 
when treating the smallevSt sizes, and the introduction of the Chance 
process in 1921 enabled better preparation to be effected than had 
usually been possjble in jig-washers. It had the advantages of 
higher efficiency and the ability to deal with unsized material, 
d'hat it was unable to clean material below 3-*. in. was of little 
importance, because jig- washers were inefficient for these sizes, and 
because there was little demand for them. Moreover, the introduc- 
tion of the Deister-Overstrom table about the same time enabled 
the difficulty to be overcome. 

In the Chance process the raw coal is fed into a conical separating 
chamber (Fig. 166), which contains a mixture of sand and water, 
the sand being kept in suspension in the water by an upward water 
current and by a revolving agitator. The light material, which it is 
required to recover, floats near to the surface of the fluid mixture 
and travels round the cone until it reaches the discharge point. 
The dirt sinks through the separating medium and "falls through a 
classifying column into a refuse chamber, from which it is periodically 
discharged. • 

By varying the relative proportions of sand and water in the* 
separating cone, any desiied specific gravity of the mixture can be 
obtained between 1-25 and i-8. When the two are present in* the 



THE CLEANING OF COAL 


380 

correct proportions to give the effective specific gravity required, 
no difficulty is found in maintaining the same conditions, sand and 
water being constantly added to replace that which overflows with 
the washed coal. 

It has already been stated that the mixture is agitated by a 
current of water, which is admitted at the base of the cone. Because 
of the conical shape of the vessel the speed of the upward water 
current varies at different levels in the cone, being faster. near the 
base. The sand, because of its high specific gravity, tends to 



settle, and if the speed of the water current near to the top of the 
cone is too low the sanci falls out of suspension from the upper 
layers of the mixture to a lower region, where the current speed is 
great enough to support it. For any given current speed, the rate 
of loss of sand with the washed coal is constant (sand being added 
to make up the deficiency). If the current speed falls, less sand is 
discharged, and, the supply of fresh sand being maintained, the 
mean effective specific gravity is increased. If the speed of the 
current increased, an excessive loss of sand occurs and the mean 
^specific gravity falls. 

In practice, the specific gravity is controlled by regulation of the 
amount of water added. The amount added, and consequently the 
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speed of the upward current, is just sufficient to retain the proper 
amount of sand and to maintain the required specific gravity. 
The specific 'gravity of the upper layers is determined directly 
during operation by the use of a hydrometer or of specific gravity 
balls. These balls are made of different densities and the specific 
gravity of the medium is determined by seeing which of them sink 
and which float. For washing anthracite, specific gravities between 
1-6 and i**8 are used, according to the ijature of the coal, and with 
bituminous coal the density ranges from 1*3 to 1-5. 

The coal is fed into the cone from a shoot in a stream of water. 
The lip of the shoot is placed only a short distance above the water 
surface so that the particles slide into the cone rather than fall into 
it, and the direction of the feed is tangential to the rim of the cone, 
so that the water, which is revolved by a stirrer, is not unduly 
disturbed. As shown in Fig. 166, the coal may be allowed to enter 
the washer through a short vertical column, which is kept filled 
with coal to remove the possibility that particles may fall directly 
into the separating cone with an appreciable velocity. The feed 
Ccin consist of unsized material below 3 or 4 in. ; the fine dust must, 
however, be removed before washing. It is frequently advantage- 
ous to divide the feed into two sizes, say, above and below i in., the 
two fnictions being fed into the cone by shoots at different points. 
If the feed consists of an assortment of all sizes up to 4 in., all fed 
in one stream, some of the small refuse particles may be mechanically 
entangled amongst the large coal particles and be driven round 
the cone with them to the clean-coal discharge point. It follows, 
then, that separation will be facilitated if a rough grading of the 
particles is made and the two fractions be fed separately. A large 
refuse particle can more easily sink through a layer of small coal 
than can a small refuse particle through a layer of large coal. The 
fraction comprising the small sizes should therefore be fed into the 
cone before the fraction containing the larger sizes. 

It is not essential U) grade the coal in this manner before it is 
fed into the wa.shing cone ; it is merely practised for mechanical 
convenience and to increase the capacity, especially with a coal 
high in material of about the same specific gravity as the medium, 
or when the washer is overloaded. The sizing need not be par- 
ticularly accurate. The washing process does not require pre- 
liminary sizing in the same manner as do many other processes 
{e.g., the Draper) ; in the Chance process the sizing may be con- 
sidered as an additional capital cost to increase the earning power 
of the capital already expended in the plant. 

In many plants more than one cone is employed, according to 
the output required. Where this is the case, one cone is fed with 
the material above about i in., and the other with the smsjler sizes. 

The feed shoots are wide, so that the raw coal is fed in a shallow* 
stream of water and spreads out into a thin layer on or just below 
the surface of the washing medium. This allows the upward 
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current of the fluid to flow around each particle, so that each behaves 
as a unit, sinking if its specific gravity is higher than that of the 
medium, and floating if it is lower. No difficulty is then experienced 
through aggregates of coal and dirt floating together across the 
surface. 

The coal usually floats round the cone a few inches below the 
surface of the fluid medium in the separating cone. The supernatant 
fluid consists of fairly pure water, associated with only small 
quantities of sand, the bulk of the sand being concentrated in lower 
layers. Wlien the coal reaches the discharge point, it passes over a 
lip in the rim of the cone and falls on to a dcsanding shaker screen. 
The overlying water, which is almost free from sand, then flows 
through the layer of coal and acts largely as washing water, removing 
the bulk of the sand with it through the apertures in the screen. 
Further along the screen the clean coal is sprayed with fresh water 
to remove the remainder of the sand. After the sand has been 
removed, the coal passes over sizing screens and is discharged into 
storage bunkers or directly into wagons. 

The dirt, which sinks through the separating medium, falls to 
the base of the cone and passes into the classifying column. The 
water used for agitation enters at the lower end of this column, 
and since the column has a relatively small cross-sectional area, the 
water current travelling up it has a relatively high velocity. The 
rapid water current not only removes any occasional pieces of coal 
which have fallen with the dirt, but it also removes most of the sand 
from the refuse. The refuse is allowed to collect at the bottom of the 
classifying column and, periodically, a sliding valve is opened to 
allow the accumulation to fall into a refuse-collecting chamber. 
A second sliding valve, which is only opened when the upper valve 
is closed, allows the refuse to fall periodically from the collecting 
chamber into the boot of the refuse elevator, which conveys it to a 
desanding screen. The sand associated with the refuse is washed 
through the screen by a water spray. 

The sand washed from the clean coal and from the refuse falls 
down a vertical shoot into a sand sump. In the sump there is only 
a gentle upward current of water, and the sand settles to the bottom, 
whence it is pumped to the top of the cone and returned to circula- 
tion. The water introduced into the sump is that used for the 
desanding operation. A portion of it is pumped by the sand pump 
and returned to the cone with the make-up sand, and the remainder 
overflows from the sump. The water sprays on the clean coal and 
on the refuse desanding screens not only remove the sand grains 
but also those small particles of coal and dirt produced by fracture 
of larger particles during the washing operation. The fine coal and 
dirt procliiced either pass out of the system in the water overflowing 
♦from the sand sump or are returned to the cone with the sand. 
The bulk of the fine particles overflows from the sand sump ; the coal 
beca^use it is light enough to be carried upwards in the water current. 
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and the dirt because it usually arises from the disintegration of 
shale and (being almost microscopic in size) remains in the water 
as a suspensoid. The overflowing water is either clarified and re-used, 
or is run to waste. 

The sand returned to the cone is introduced in a slow stream 
and is distributed evenly across a radius of the cone. It is very 
desirable that the surface of the fluid separating medium be as 
little disturbed as possible, as otherwise the coal may sink to a 
depth which prevents its ready discharge over the lip. It is also 
desirable that the sand be introduced at a uniform rate, for the 
inflowing sand and water help to carry the floating coal round the 
cone. 

The surface of the fluid becomes disturbed if there is an air 
leak at either of the refuse valves. This is especially objectionable 
if the leakage occurs at the lower valve, for, in these circumstances, 
air collects in the refuse-collecting chamber and rises suddenly 
through the fluid mass immediately the upper valve is opened, 
causing a disturbance throughout the cone. Vertical water currents 
arc then produced, which tend to carry coal downwards with the 
dirt and also cause an excessive discharge of sand with the clean 
coal, thereby lowering the specific giavity of the fluid. If the leak 
occurs at the upper valve, the bubbling produced is only slightly 
less objectionable, but it can be more easily noticed and rectified. 
To avoid air-leaks it is important to maintain a suflicient head of 
water in the chamber at the foot of the refuse elevator, so that no 
air can pass into the refuse-collecting chamber when the lower 
discharge valve is opened. In the latest plants the possibility of 
these air-leaks is (‘liminated by surrounding the valves with a 
hydraulic chamber containing water under pressure and the refuse 
valves are operated hydraulically. • 

The cone itself ft constructed of mild-steel plates riveted together, 
its dimensions depend ui)on the nature of the coal and the capacity 
required. The actual process of washing takes place in the upper 
portion, where the vessel is cylindrical and not conical in shape. 
The lower conical portion is not a necessary part so far as the actual 
washing is concerned, but it serves .several purposes ; firstly, it 
causes the refuse to fall to a central point, whence it is readily 
removed without carrying large quantities of sand with it, and 
secondly, it provides a long path for the upward water current, 
so that the water is evenly diffu.sed throughout the mass and docs 
not disturb the quiet surface. The conical shape also results in a 
variation of the speed of the upward current, and thefefore a 
variation of the concentration of sand in different horizontal zones 
of the fluid. In the uppermost layers the current is too slow, when 
the washer is working properly, to support a large quantity pf sand ; 
in the lowest layers it is so rapid that little sand can fall downwards# 
against it. The highest .sand copcentration, therefore, occurs at 
some intermediate zone. Consequently, the clean coal only cajrjes 
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away small quantities of sand from the washer, and the falling 
refuse passes through a zone in which much of the sand is washed 
upwards from it. 

The revolving agitator has three projecting arms and is driven, 
relatively slowly, through bevel gearing. Its function is twofold. 
It causes a rotary motion of the fluid mass which assists in mixing 
it and in carrying the floating coal round the cone to its overflow, 
and secondly, the revolving arms scrape away any sand or refuse that 
accumulates on the inclined inner surface of the cone and breaks up 
any sandbanks. 

Ordinary river or seashore sand, or crushed sandstone are 
suitable for use in the Chance wa.sher. These materials may vary 
slightly in density, and allowance must be made for possible variation 
when the plant is designed. The usual specific gravity of these 
solids is 2*6. The sand most suitable for use is that which passes a 
40-mesh sieve, but remains on a 60 mesh (Tyler standard). There 
should be only a sinall proportion finer than 80 mesh or coarser 
than 30 mesh. 

Fine sand is difficult to settle for re-use, but it is also unsatis- 
factory because it tends to accumulate in the upper layers of fluid 
in the washing cone and to be washed over the coal-discharge lip. 
The accumulation of fine particles prevents the specific gravit}^ 
lower down the cone from attaining its proper value, and the clean 
coal particles therefore descend further into the fluid medium than 
they should and arc not discharged at the clean-coal overflow as 
fast as fresh coal is supplied. The coal then accumulates in the 
separating cone, causing an excessive ov(Tflow of sand. 

If the sand is too coarse', more agitation is required to keep it in 
suspension and the large particles sink to the bottom with the 
refuse. Excessive discharge bf sand results, with greater wear of 
the valves, pumps and conveyors. 

It is most important that exces.sive losses of sand be avoided, 
otherwise, make-up sand being supplied at a uniform rate, there will 
be a deficiency of sand in the cone and the mean specific gravity of 
the fluid will fall, with a consequent loss of coal in the refuse. An 
excessive discharge' of sand from the top of the cone results from the 
use of too great a proportion of fine sand, or a disturbance of the 
fluid medium and the creation of eddy currents. Sand is discharged 
from the base of the cone in excessive quantities if the sand is too 
coarse, or if the water current is irregular. An undue amount of 
sand may also be lost if the rate of feed of raw coal is very irregular 
or differs widely in quality. This has been overcome in the latest 
plants by using a large sand-water storage sump and by circulating 
the mixture in a closed system, controlled automatically. 

The capacity of a C hance washer depends essentially upon the 
quality and size of the raw coal. The cones are made in two standard 
sizes for anthracite washing, the larger having a maximum diameter 
(at^the top) of 15 ft., the smaller cones having a diameter of 7^ ft. 
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Occasionally, cones with a diameter of 13I ft. have been installed. 
In bituminous coal- washing practice, cones 10 ft. in diameter are 
used. In cleaning ^anthracite, or a coal of which only 20 to 25 per 
cent, is smaller than i in. and which contains 10 to 15 per cent, of 
refuse, the capacity may reach 200 tons per hour in the 15 ft. cone. 
The smaller cone can deal with about 70 tons per hour. The 
capacity with a clean coal is limited by the rate at which washed 
coal can be discharged ; with a dirty cqal the limiting factor is .the 
rate of discharge of refuse through the refuse valves. 

The first Chance plant was erected for the Grand Tunnel Com- 
pany, at West Nantichoke, Pa., in 1921. The plant consisted of one 
cone 7 ft. 6 in. in diameter, capable of cleaning about 60 tons per 
hour. The results show that, on the average, the clean coal con- 
tained 1*85 per cent, of dirt, and the average result of 747 tests on 
the refuse show that per cent, of the refuse consists of coal 
floating in a liquid of S.G. 175 ; this is equivalent to a lo.ss of 0*22 
per cent, of the coal fed. These results, obtainJ'd in the first plant 
erected, are highly satisfactory. 

'I'he Rose ( oal Company erected a plant in 1921 for the re-treat- 
ment of jig refuse at Winton, Pa. During one period of fifteen 
months’ operation, 242,000 tons of refuse were treated, yielding 
39,129 (16 per cent.) of marketable anthracite from material which 
was thrown away when the coal was washed in jigs. 

Uj) to J92b twenty-four Chance plants had been erected with 
a total cajiacity of 4,225 tons per hour, or an average hourly capacity 
of 176 tons. 'I'he largest plant was erected for Madeira Hill & Co., 
its capacity being 1,000,000 tons per year. 'I'he plant includes four 
separating cones, each 13 ft. 6 in. in diameter (type F), and the coal 
from to yL in. is treated. I'he raw coal is a mixture of ten 
separate seams, varying in specific gravity, ash content and mode 
of fracture, and it a considerable recommendation for the Chance 
process that, with the varied fe(^d that must of necessity arise from 
time to time when such a number of seams are worked, the plant 
is able, on the average, to produce domestic coal (above J in.) 
containing frequently less than one-half of i per cent, of refuse 
and seldom as much as 1^ per cent. The average loss of coal is 
2 per cent, of the refuse, or less than half of i per cent, of the 
coal fed 

I'he general manager of the company estimates that the cost 
of erection of the plant was only 70 per cent, of that of a jig-operated 
plant, and that the cost of operation is 10 to 20 pei cent, per ton 
less. In addition, the plant recovers 3J per cent, more coal than 
did the former jigs {Mining Congress Journal, 1927, 13, 205). 

The lay-out of the plant at Mount Union, Pennsylvania, for the 
washing of bituminous coal is shown in Fig. 167. It was put into 
operation in October, 1925. The plant contains two cones, each ^ 
10 ft. in diameter, in one of which the coal from 4^ to i in. is 
washed, the i to | in. coal being washed in the other. The Coal 
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below I in., containing 10-4 per cent, of ash, is by-passed and mixed 
with the washed coal. Each cone has a capacity of 150 tons of 
coal per hour, and the inclusive cost of washing is less than 5 cents 
per ton (of 2,000 lb.). The complete plant for preparing the run-of- 
mine coal deals with about 500 tons per hour, but only about 300 
tons is passed to the washing section, the remaining 200 tons being 
hand-picked or by-passed. 

The raw coal entering tjie plant passes over conveyors to a 6 ft. 
shaking screen which divides it into 4J in. lump and undersize. 
Provision is made to divide the lump, if desired, into over and under 
10 in. The 4^ in. undersize is passed by a scraper conveyor to four 
Shiley double-deck jigging screens which divide it into domestic 
(4J to I in.), stoker (i to | in.) and fine (| in. to o) coal. The 
domestic and stoker sizes are conveyed to the washing cones, 
vibrating guard screens being installed immediately before the 
cones to n^movc dust caused by fracture. The I in. to o coal passes 
directly to a mixing conveyor for loading without washing 

The clean coal from both cones passes ovei combined desanding 
and sizing screens, making products 4I to 2 in., 2 to i in., and under 
I in. The dust caused by fracture is mixed with the under i in. 
fraction. The two larger sizes of washed coal are loaded into 
wagons or are mixed together, and with the under i in. and the 
unwashed ^ in. to o coal on a mixing conveyor, from which it can 
be loaded directly into wagons or passed back to the tippler and 
mixed with the coal above' 4^ in. 

The refuse is removed from llie cones, and pa.sses, by means of a 
common water-sealed conveyor, to a desanding screen, whence it 
is load('d into wagons. No refuse hopper is required, because 
sufficient refuse can be stored in the cones themselves to permit a 
full wagon to be replacc'd by tm empty one. 

The sand sump is a circular concrete tank, 21 ft. 6 in. in diameter. 
The circulating water overflows from the rim to a water sump, 
from which the water for circulation and for desanding is taken 
by a 2,500 gallon centrifugal pump. 'I'he thickened sand is returned 
to circulation from the sand sump through a pair of 1,000 gallon 
centrifugal sand pumps. 

Make-up water is furnished by a centrifugal pump, and some of 
the w^ater from the water sump is allowed to run to waste, carrying 
with it a fine slime, high in sulphur. 

The total operating cost during the year 1926 was under 8 cents 
per ton, with the plant working at an average daily capacity of 
60 per cent, of its maximum. Of the cost of 8 cents per ton, more 
than 3 cents is required for labour at the tipple, and for hand- 
picking, and would be incurred whether the coal wi're passed to the 
washen/ or not. Much of the remaining cost of 5 cents would still 
be incurred for screening and loading if the washery were omitted. 
The whole plant for preparing 5Q0 tons per hour, including picking, 
washing and screening, cost $140,000 (under f 30, 000). 
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The whole plant requires 460 h.p. For the washery, 240 h.p. 
are required, this being made up as follows : — 

H.p. 

Cone agitators, refuse conveyors and de- 


sanding screen ..... 75 

Clean-coal desanding screen ... 30 

I'wo () in. sand pumps .... 50 

TO in. water circulating pump •. . - 50 

Refuse valve pump ..... 20 

Make-up sand and water .... 15 


240 

Excluding the by-passed coal below | in., the amount handled is 
about 2()0 tons per hour, so that less than 1 h.p. per ton of hourly 
capacity is recjuired. 

1'he washing })lant di tiers in certain details* from the standard 
type employed for anthracite treatment, because a lower density of 



the fluid medium is required. To obtain the lower density, a^ greater 
amount of water must be added, and the arrangements for its 
afldition demand modifications to the design. The water is added 
through till' throat or classiiying column, and its diameter controls 
the speed of the water current passing through it. If the current is 
too fast, not only will the sand particles be scrubbed from the falling ‘ 
refuse, but the smallest refuse particles may also be retained in the 
cone. The throat must, therefore, be wide in order to give a f^rly 
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slow current. On the other hand, the water current must not be 
too slow or an excessive amount of sand will be discharged with the 
refuse. 

In the Mount Union Plant, with lo ft. diameter cones, the 22 in. 
throat used on the 13 ft. 6 in. diameter anthracite washing cones is 
adopted. This enables more water to be added per sq. ft. of surface 
area at the top of the cone, where the diameter is constant, and where 
all the separation takes place. The quantity of water added through 
a 22 in. throat is, however, insufficient for the proper operation of the 
plant (the speed of the water in the throat being limited, as previously 
stated). Three perforated water pipes are therefore placed in the 
cone at different levels to supply additional water. The arrange- 
ment of the cone is shown in Fig. 168. 

Because the separating medium has a greater fluidity with the 
low densities (1-3 to 1-5) required for washing bituminous coal than 
with the higher densities (i*6 to i*8) used for anthracite washing, the 
revolving agitator Ys less rigidly con.structed. It consists of three 
steel arms attached to a in. shaft, actuated by bevel gearing. 
Less provision is also required for make-up sand and for sand 
return, but greater water pumping capacity is neces.sary. It has 
been found in practice that, with the relatively large amount of 
water to be circulated, irregularities of the feed are of practically 
no consequence when washing bituminous coal, and, at Mount 
Union, no raw coal hoppers are utilised. 

The results of a test on 442 tons of coal washed at Mount Union 
were as follows : — 



Size 

Per cent 

Ash 

Sulpliiir 

• 

(in.;. 

of Total 

jxn- cent. 

per cent. 

Feed coal 

4 i - 1 

62 -8 

1 1 -30 

1-55 


I - '8 

37*2 

10-36 

2-32 

Waslu'd coal 


— 

7-40 

1-44 


I - i 

— 

7-53 

1-37 

Kefirse .... 

4 i-i 

— 


4-84 


I - 8 

— 

5«-45 

1315 










The coal below jj in. at Mount Union contains 10 per cent, of ash, 
and this is by-pa.ssed without washing. Bituminous coal of sizes 
down lo in. can be washed, as in anthracite plants, but it was 
considered that to wash coal below | in. was uneconomical in view 
of the cost of settling tanks and the re.sultant increase in the moisture 
content of the washed coal. By mixing this material in a dry state 
with the I to g in. washed coal, it is possible to ship the products 
with 1*9 per cent, of moisture m the larger sizes (4I to i in.) and 
6 ‘per cent, in the coal below i in. If the coal below | in. were 



PROCESSES USING MEDIA OF HIGH DENSITY 389 

washed, the moisture content would be increased by at least as great 
an amount as the ash content could be reduced. During 1926, 
tests have been conducted washing the coal above /Jj in., and the 
moisture content of the entire product (4 to j*. in.) was then 4*5 per 
cent. 

The floor space required for a ('hance washery is remarkably 
small. The Mount Union plant covers an area of 6,404 sq. ft., of 
which only 1,904 sq. ft. are devoted to the actual washing and 
screening plant. This is equivalent to 6 sq. ft. per ton of hourly 
capacity. The height of the building required is 37 ft., including 
space for loading into railroad cars. 

The chief objection to the Chance process is that it cannot be 
used for coal smaller than about ,•*. in. This limit applies not .so 
much to the coal as to the dirt. The .speed of the current of water 
admitted at the base of the cone must be such that it maintains the 
.sand in suspension in the body of the cone. It^will also, therefore, 
maintain particles of dirt in siLspension, if they are of the same size 
as the .sand grains and have the same specific gravity. At the 
throat of the cone, where the current speed is greatest, it is impossible 
for particles of dirt to fall against the current unless they are con- 
siderably larger than the grains of sand in the body of the cone. 
(Consequently all those particles of dirt mu.st be removed from the 
raw coal fed to the washer, which cannot be separated from the sand 
suspended in the cone. There is scarcely any limit to the size of 
coal that can be fed, but there is a definite limit to the size of dirt. 

Suppose that it is desired to remove all the material of S.Cr. 2 or 
more from the raw coal and that the sand has a S.G. of 2*6. The 
velocity of a current of water which will maintain in suspension a 
sand grain of size may be written ^ 

\\^ K V (2*6 — i) = K \/i’6 

Suppose that, at the base of the cone, the .speed of the current is 
twice that at a higher level of the cone at which the bulk of the sand 
is suspended, 'hhen, for a dirt particle of S.G. 2 and size 

2F1 == K (2-0 — i) = K \^y^. 

From these equations. 

To, 4 X 1*6 6*4' 

In practice, the largest sand grains have a diameter of about 

in. Putting ■-= 0*02, from this equation, r2 0*128, or about 
J in. 'I'his calculation, were all its assumptions correct, would give 
a lower limit of size of y in. In wa.shing anthracite, when the dirt 
to be removed nearly always has a S.G. of 2 or more, a limit 6f about 

in. is required. 

Ill washing bituminous coal, theflightest dirt has a specific gravity 
of about 1*6, and in these circumstances, putting r^ = 0*02, the 
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value of becomes 0-213, or about in. This suggests that the 
smallest size of bituminous coal that could be treated would be in 
the neighbourhood of J in., but this apparent disadvantage is over- 
come by admitting some of the w'ater at the sides of the cone instead 
of through the throat at the base and so preventing a high velocity 
at the throat. 

One objection rai.sed against the Chance process is the loss of 
sand and the wear and tear^to the piim})ing machinery by the sand. 
In this country there are ample supplies of sand, and the cost of 
replacing the sand should not provT to be excessive'. 'I'he loss of 
sand amounts to 2 to 3 lb. per ton of washed coal, the bulk of the loss 
being from the water-settling tanks. At Mount Union 21b tons of 
sand were lost in the washing of 165,000 tons of coal during a period 
of four months, dhis is equivalent to 2.6 lb. per ton (2,000 lb.) of 
coal, or 2-Q lb. per ton of 2,240 lb. With sand at I2.v. per ton, this 
would be equivalent in England to a cost for sand of \d. per ton of 
coal washed. 

The wear and tear of the sand pump, the wat(‘r pump and the 
refuse-discharge valves may be reckoned as e(|uivalent to the cost ol 
renewing the sand pimi]) (‘very six months, and the impellor of the 
water pump every year. This would cost under Id. jH'r ton of coal 
treated. 

In comu'ction with the qiu-.stion of cost, it should be observc'd 
that, in washing bituminous coal, the amount of sand in circulation 
is very considerably less than the ('orresponding amount in washing 
anthracite, and then* is, in consc'quence, far k'ss wear to the ])um])s. 
h'urther, in anthracit(' washing, the proportion ol sand in tlu' 
separating medium is gn'ater and a great('r loss of sand in th(‘ 
])roducts is .sustained. , 

Fig. lf)C) is a photograph of an (‘xperimental piodel of the ('hanci' 
washer which has been in.stalled at Lehigh University. y\ similar 
one has bec'ii erected at the University of Illinois. Its diamet(T at 
the top is 20 in., and it can b(‘ used for washing ('ither anthracit(‘ or 
bituminous coal. In the photograph the two refuse-removal valves 
are clearly seen near to the bottom of the picture. Thv throat is 
visible as a vertical tube behind the water inlet pipes, ol which the 
uppermo.st ones are for adding extra water to the rna.ss in the body 
of the cone. 

THE CONKLIN PROf'ESS 

The' Conklin proce.ss depends upon the .same principle as the 
Chance process, but magnetite is .suspend('d in the water iii.st('ad of 
sand to produce a fluid mixture (»f high specific gravity. Magnetite 
has the advantage over sand that its specific gravity is higher 
(5*0 against 2-6), and for this reason the mixture contains a lower 
proportion of solid material. Because of its higher .specific gravity, 
hovyever, the solid particles have^a greater tendency to separate out 
from suspension, and must, therefore, be u.sed in a finer state of 



i 
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division. Actually, magnetite passing through a 200-mesh sieve is 
employed. 

Sections and a plan of a Conklin plant erected in the anthracite 
district in Pennsylvania are given in Fig. 170. The lay-out of the 
plant is shown in Fig, 171. The washer consisted of a tank with 
vertical sides but inclined ends. The coal was fed by a rotating 
paddle which caused it to become submerged. The heavy particles 
sank through the fluid m(!dium to a worm conveyor running along 
the base of the tank, which delivered them to a drainage elevator. 





Sfatw Conveyor^ ■ \ Jl ^ 


CZ7 

CP 

CZJ 

d? 


S£cr/o/vA’A 



The lighter coal particles, however, passed across the tank at or 
near the surface of the fluid and were removed from the tank by an 
endless paddle kept in continuous motion. 

The sides sloped at angles of 30° at the feed side and bo^ at the 
coal-discharge side ; the tank was 3 ft. wide and 6 ft. long at the 
top, tapering to a trough containing a 12 in. diameter worm conveyor. 

The bulk of the magnetite removed with the coal rfnd refuse was 
recovered by the use of a Dorr classifier and Dorr thickener. In the 
classifier, all the magnetite overflowed, together with somi of the 
finest coal and shale, and the final separation was effected in the 
thickener, where the coal and dirt (Overflowed. Despite these elabo- 
rate precautions, 35 lb. of magnetite were lost per ton of coal treal(?d, 


Suc/frfs 
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a loss which, it is said, could be reduced to 20 lb. Assuming a cost of 
5 dollars per ton for magnetite, the loss amountsto 5 cents { 2 \d,) 
per 2,000 lb. of coal treated. 

In the Chance process the mixture is continuously agitated by a 
revolving stirrer and by the current of make-up water supplied at the 
base of the cone. In the Conklin proce.ss no such agitation was 



necessa/y, the disturbance caused by the feed paddle and the clean 
coal remover being adequate. Make-up water and magnetite were 
added separately and continuou.sly. 

In comparison with jigs treating the same coal, the process 
enabled a greater amount of heavy shale to be removed and a higher 
proportion of intermediate particles (bone coal) to be recovered. 
The I0.SS of coal in the refuse wa.^ about the same (2 per cent.) in the 
jigs as in the Conklin plant. 
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The results were as follows, in each test the size treated being 
chestnut (ij to | in.) : — 



Conklin. 

Jigs- 

Tons per hour 

22-3 

12-5 

Shale in cleaned coal (per cent.) . - 

1-97 

372 • 

Bone in cleaned coal ,, ,, 

3-51 

1-96 

( oal in refu.se ,, ,, 

1-97 

2-03 


So far as can be seen, the only possible advantage of the Conklin 
process over the Chance process is that it permits of the treatment 
tf smaller particles. The cost of its operation is, however, much 
greater, and the results published do not suggest that it would be 
likely to achieve the same degree of efficiency, especially since the 
figures given were on a closely-sized feed. This small plant, which 
was largely of an experimental nature, is the only one to have been 
erected. 


THE FRAZER AND YANCEY PROCESS 

A dry-cleaning process invented by Professor Frazer and Dr. 
Yancey, in which a mixture of sand and air with an effective density 
of 1*45 is used to separate coal and dirt, has been described in 
Chapter XVII. 

THE CLEAN COAL COMPANY'S PROCESS 

A process has rjecently been devised by the Clean ('.oal ('ompany, 
in which a solution of calcium chloride (or other cheap salt) is used 
to float the coal and allow the refuse to sink. By this means 
theoretically perfect separation ol the material floating at a specific 
gravity of 1*4 from heavier particles may be effected. 

The solution is contained in a vessel whose base is tapered. The 
raw coal is fed into the body of the separating medium by a screw 
conveyor, and the floating coal is removed by an endless .scraper 
into a vertical cylinder. The refuse is collected from the tapered 
bottom by an elevator and discharged into a similar, but smaller, 
vertical cylinder. 

The solution cidlicring to the particles is allowed to drain through 
grids at the base of each cylinder and the residual salt is washed away 
by water. The water is added to the top of the draining cylinders in 
a gentle stream, and the washing continues until the drainings are 
free from chloride. The success of the drainage depends ^pon the 
fact that the calcium chloride solution and the water are not allowed^ 
to mix. The water rests as a layer on the heavy chloride solution 
and the layer gradually descends through the mass with a minitniim 



394 


THE CLEANING OF COAL 


amount of diffusion. A certain quantity of weak liquor is, of 
course, made during washing, and this is collected, evaporated and 
re-uscd. 

The successful accomplishment of the washing is shown by the 
fact that only about 30 litres of weak liquor is said to be made per 
ton of coal washed, and the average loss of calcium chloride amounts 
to only 2 litres of concentrated solution per ton. 

Before the raw coal is fed to the separating vessel, the finest dust 
is removed. By this means the drainage of the final traces of water 
is facilitated, and, wlien the coal is withdrawn from the drainers 
(through valves at the bottom), it contains less than 8 per cent, of 
moisture. 'I'his is shown by the following results obtained on an 
experimental unit capable of treating 3 to 4 tons per hour. The 
results also give the ash contents of the raw coal, the clean coal, 
and the refuse. 

I Cleaii Goaf, 

j liaw Coal. I Refuse. 


Type* of ('oal. 

1 Ash 

])er ct ni. 

1 

Ash 

per c(‘nl. 

I'lee 

Moistuie 
per eeiil. 

Ash 

IH‘r cent 

Northumberland boiler slack 

! 

1 2I*() 

2-8 

4-6 

60 *1 

Durham smalls . 

i 

2-8 


62*0 

Durham boiler duff 

; 117 

3*3 

5-« 

53*5 

Durham coking slack . 

15-3 

2-9 1 


03*3 

Yorkshire coking slack 

iq-f) 

0*9 

()•! 

70*0 

Welsh anthracite duff . 

ib-i 

• 

2-0 

4-8 

57-(> 


'rile removal of dust ])efore cleaning has th(' additional advantage* 
that the fusain and fine dirt particles are not wetted and that less 
slurry is formed. Dust removal b(*ing an essential part of tlu* 
process, a special form of separator has been devised, in which an 
air current is passed upwards through the falling coal and the fine 
particles are nmioved by elutriation. The efficiency of dust removal 
is greater than is possible with any form of screen. 

The process is still in the experimen-tal stage's, but is a]4)arently 
efficient and economical on a semi-industrial scale*. 



CHAPTER XXI 


. FROTH FLOTATION : THEORY 

The chief interest in froth flotation processes for the cleaning of 
coal lies in the fact that they are applicable to the smallest sizes of coal 
which, as is well known, are often imperfectly cleaned by methods 
depending principally upon density differences. The separation 
of sulphide ore from earthy gangue, or of coal from shale, is almost 
independent of the mass of the particles, since it is based on the 
differences of their surface properties, for example, their wettability 
by oil and water. Like most other methods of .coal cleaning, froth 
flotation methods were first applied in ore-dressing practice, and, 
in recent years, they have attained such an importance that they 
have largely superseded jigs and other appliances for the con- 
centration of slimes and the smaller sizes of metalliferous ores, 
h'roth-flotation methods are, however, not so suitable for the 
pn-‘paration of coal as for the concentration of metalliferous ores 
on account of the difficulty and expense of dewatering the cleaned 
coal. The more valuable ore may be dried by heat at a relatively 
low percentage cost. Nevertheless, flotation has been successfully 
and profitably applied to the cleaning of coal in a number of plants, 
and the principles and practice of flotation are, therefore, worthy 
of careful coasideration, particularly in jffants where much slurry 
is produced. 


HISTORICAL DEVELOPMENT 

'I he first suggestion to take advantage of the different wetta- 
bilities oi ore and gangue by oil was made by Haynes, of Holywell, 
Wal(!S, in i8()0. In his process, which w'as intermittent, air flotation 
was not applied. In 1885, Bradford, in the United States of 
America, recovered sulphides from “ tailings ” by pas.sing them in a 
thin stream along an inclined channel on to a water surface ; the 
gangue, which was readily wetted by water, sank, and the sulphide 
material, being less readily wetted by water, floated on the surface 
and was removed at an overflow. This process was a true ()r sim})le 
flotation process as distinct from the modern processes which have 
been developed from it, and which are froth flotation processes, 
flotation being secured by the stable attachment of gaseous bubbles 
to solid particles which are thus rendered buoyant. • 

The first process resembling froth flotation may be attributed* 
to a woman metallurgist, Carrie Everson, of Chicago, who, also in 
the year 1885, improved Haynes’ process by using sulphuric’acid 

S95 , 
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to enhance the selective wetting of gangue by water. The gaseous ^ 
effervescence produced by the action of acids on certain ores appears 
to have led to the discovery of the floatability of oil-filmed particles 
by aeration, upon which commercial processes of froth flotation 
now depend. 

In 1894, Robson, at the Glasdir Mine, Dolgelly, Wales, agitated 
ground chalcopyritic ore in a vessel containing water through 
which a stream of thin oil (.made from a thick fatty oil dissolved in 
paraffin or turpentine) flowed upwards. The upward stream of oil 
entrained sulphide particles to the water surface, whilst the gangue 
settled in the vessel. It is said that Robson used as much as 3 tons 
of oil per ton of ore (Pickard, Can. Min. Inst. Bull., 1916). 

The first commercially .successful flotation process, however, 
appears to have been devi.sed by Francis E. Elmore, in 1898, at the 
Gla.sdir Mine. Elmore, with his brother, developed the “ bulk 
oil " process from Robson’s earlier experiments at the same mine, 
the .success being iri a large mea.sure due to the engineering skill of 
the Elmore brothers in developing a suitable appliance for the 
process. The ore was crushed in water before the wetted particles 
were mixed with a thick mineral oil. 'I'he mixing was performed 
in a cylinder, which was rotated slowly to ensure thorough contact 
between the oil and the particles. The pulp pas.scd from the 
rotating cylinder into a spitzkasten. 1'he oil was able to displace 
the water from the surface of the ore, which then floated on the 
surface and overflowed from the .spitzka.sten into a launder. The 
water-wetted gangue, being unaffected by the oil, .settled in the 
spitzkasten and was remov('d from the base. About equal parts 
of oil and ore were u.sed, but, after the recovery of some of the oil 
by centrifuging, about i per cent, of oil (calculated on the weight of 
the ore) was actually consumed in the process, the remainder being 
returned for re-u.se. 'I he results of this process were most sati.s- 
factory, and the succe.ss drew attention to the possibilities of flotation 
in ore concentration. 

At the Broken Hill mines, Australia, it was found to be impo.s.sible 
to recover the zinc from the middlings obtained by water concentra- 
tion, owing to the large amount of gangue present. After the 
possibilities of flotation had been demonstrated by Elmore, an 
attempt was made to recover the valuable ore by floating it, instead 
of allowing it to sink, as in the Water-concentrating (gravity) 
methods. Potter, in 1902, evolved a flotation proce.ss in which 
the middlings were introduced into a ve.s.sel containing dilute 
sulphuric acid maintained at a concentration of 2i per cent, of acid 
and at a temperature approaching the boiling-point. By the action 
of the acid on the calcite in the gangue, carbon dioxide was evolved, 
bubbles of which, on stirring, adhered to the sulphide ore and carried 
dt to the surface whilst the gangue settled to the bottom. 

Fromont, later in the same year, used gas bubbles generated in 
a siniilar way to increase the buoyancy of particles already treated 
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with oil. He also introduced the use of violent agitation ; in his 
case, to obtain more rapid production of gas. 

De Bavay, of Melbourne, in 1904, improved the simple flotation 
process of Bradford (1885) by allowing particles of a cru.shed ore 
to pass from a corrugated conical feed device on to a water surface 
where the sulphide ore particles floated to an overflow, whilst the 
gangue sank to the bottom of the vessel. This process, modified 
by subsidiary aeration and small oil additions, was markedly 
successful at Broken Hill, except when slimes were used. 

In 1904, Elmore brought out a second process, which employed 
the selective action of oil for sulphide ores and incorporated the 
idea of floating the oiled sulphides by means of gas bubbles to form 
a froth at the surface. Aeration was obtained by reducing the 
pressure above the water surface, so that the air dissolved in the 
water was relea.sed as a number of small bubbles. The bubbles 
rose to the surface, carrying particles of oiled ore with them. 

The pulp was acidulated and the carbon di^xide produced also 
contributed to the flotation of the ore. The amount of oil used 
was reduced to 0*5 per cent., and later to as little as 0*15 per cent. 

In 1905, Minerals Separation T.td. took out their basic patent 
(B.P. 2,803 and U.S. 835,120) in the names of Sulman, Picard and 
Ballot. The Minerals Separation process was discovered whilst 
trying out the Cattermole process. In this process, introduced in 
1902, and adopted in 1903 by the Minerals Separation Company 
(which was formed for this purpose), the sulphides were made to 
sink and the gangue was assisted to rise in an upward current of 
water. About 3 per cent, of oil and 2 per cent, of soap were added 
as an emulsion to obtain an agglomeration of flocculent sulphide 
particles, which, being heavily oiled, stuck to each other in groups 
or granules and sank to the bottom. I'he pulp was violently 
i'lgitated, but a coh.siderable proportion of the mineral was floated 
by the froth incidental to violent mixing in the presence of air. 
The agitation-froth process appears, therefore, to have been dis- 
covered almost accidentally. More froth was made by using less 
oil, and a greater proportion of ore was floated, and the omission 
of the upward current allowed the gangue to sink. Frothing and 
floating proved to be a better method for recovery of the sulphides 
than granulating and sinking them. The oil used was decreased 
to o*i5~o-2 per cent, and the violence of agitation was increased. 
The sulphide ore particles were attached to air bubbles, which rose 
to the surface and collected in a dense froth. 

Higgins, in igo8, suggested the use of phenols as froth-forming 
agents, and, later, alcohols, amyl acetate, camphor, ^eucalyptus oils 
and turpentine were u.sed for the same purpose. 

From these processes modern flotation practice has bcr.n deve- 
loped. Although the Elmore vacuum process was used from 1908* 
to 1910 to treat many hundreds of thousands of tons of zinc middlings 
at Broken Hill, it is said that it could not deal with sands and slimes 
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as effectively as the process patented by Sulman, Picard and Ballot. 
With the Minerals Separation process, the problem of recovering 
the zinc at Broken Hill was solved. The fine copper ores in New 
South Wales, and particularly in America, were successfully treated, 
and by 1914 the process had become successfully established. 
I^dser (1921) records that over 70,000,000 tons of ore were treated 
annually by this process. 

It was not until 1920 that the experimental work -of Bury, 
Broadbridge and Hutchinson [Trans. Inst. Min. Eng., 1920, 60, 
243) directed attention to the possibilities of the use of froth flotation 
for coal cleaning. The first froth-flotation plants (Minerals Separa- 
tion) for coal cleaning were erected during the same year in Spain 
and in France. The first British plant was erected in 1922, and, 
during the following year, plants were erected in (lermany and 
Belgium. 

THEORETICAL CONSIDERATIONS * 

To appreciate fully the principles of simple flotation and froth 
flotation it is necessary to consider the properties of surfaces which 
give rise to the phenomena of surface tension, differential wetting, 
adsorption, flocculation and other phenomena with a bearing on 
flotation practice. Each of these phenomena is a surface effect 
and no present explanation of them is satisfactory except on a basis 
of the molecular structure of matter. 

Simple flotation depends essentially on the different wettabiliti(\s 
of ore and gangue, or of coal and dirt, by water, llie wettability 
of a solid by a liquid, such as water, is indicated more or less quanti- 
tatively by the angle of contact made between the free (or upper 
boundary) surface of the liquid and of the solid. The contact angle 
is a definite property of the surface tensions of the solid and of the 
liquid and of their common surface or interface. The interfacial 
tension between a solid and a liquid may, however, be modified by 
the addition of minute quantities of certain reagents, and the 
floatability of different materials may, therefore, be controlled. 
The film ” flotation of a solid at a free liquid surface, accomplished 
by these means, is the first necessity of successful flotation practice, 
and the formation of a froth is a subsidiary practical modification. 

According to the molecular theory of matter, solids, liquids and 
gases are composed of finite particles, atoms or molecules, separated 
from each other by distances which are relatively small in solids, 
somewhat greater in liquids, and considerably greater in gases All 
molecules are conceived to be in rapid motion, which increases with 
the rise of temperature, but which ceases entirely at absolute zero 
(— 273° C.). At 0° C. the average velocities of typical molecules 

g * The following treatment of the principle.s of froth flotation is based on two 
papers. " A Contribution to the Study of Flotation," by H. L. Sulman, Trans. Inst. 
Min. Met., igig ; and " The Concentratfen of Ores by Flotation," by E. Edser, 
Fourfli Report on Colloid Chemistry, London, 1922. 
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in the gaseous, liquid and solid states are computed to be : gaseous 
hydrogen, about one mile per second ; liquid water, about one-third 
of a mile per second ; and solid silica, about one-quarter of a mile 
per second. The velocities of molecules of all substances, at equal 
temperatures, are inversely proportional to the square roots of 
their molecular weights. The average distance travelled by any 
molecule before collision with other molecules is small in a liquid 
and still less in a solid. The “ mean free path for a water molecule 
is supposed to be less than the molecular diameter. The molecular 
movement gives rise to the mobility of a liquid as a whole, and also 
accounts for diffusion phenomena. 

In a solid the molecules are subject to a greater restraint than in 
liquids, though the general similarity between the volumes of a 
substance in the solid and liquid states does not indicate a much 
closer inter-molecular spacing. The molecules of a solid are con- 
sidered to oscillate about more or less fixed positions, and to be 
constantly colliding with their neighbours. The phenomena of 
crystallisation and magnetism show them to be capable of taking 
up definite axial directions or orientation, but, being unable to move 
independently of each other with any readiness, their assemblages 
possess rigidity and form. Nevertheless, there is much evidence 
to show that the molecules in a solid can slowly change their relative 
positions, as in the gradual crystallisation of masses of steel, in which 
there is a slow segregation and orientation of like molecules. The 
comparatively sudden volume changes which take place during the 
heating up of a silica brick coke-oven (due to the inversions of the 
various forms of tridymite, cristobalite and quartz) provide further 
evidence of molecular movement in a solid. Further examples 
may be found in the phenomena of solid diffusion, solution and 
sublimation. For the theoretical* considerations involved in 
flotation it is important to establish clearly the idea that the 
molecules in a solid surface are capable of movement and of changing 
their relative positions, for such movement provides the most 
plausible explanation of many flotation phenomena. 

I'he molecules of all substances are subject to gravitation and 
molecular forces, (jravitational forces affect all the molecules in a 
body, so that they are directly proportional to the masses of the 
attracting bodies. 1'hey vary inversely as the square of the distance 
between the bodies, and so may act over sensible distances. (Gravity 
is independent of the chemical nature of the substances. 

Molecular attractions are much more intense than gravitational 
forces, but are manifested only over minute distances (of the order 

Tuono nim.) and are therefore only sensible between molecules 
when they are brought comparatively close together. Edser (Fourth 
Report on Colloid Chemistry, London, 1922) deduces that th^ attrac- 
tion varies for different substances inversely as the sixth to the# 
ninth power of the distance ; experimental data for liquids indicate 
that molecular attraction varies inversely as the eighth power# of 
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the distance. There is therefore a steep gradient in the intensity of 
molecular attractions, even within the limiting distances through 
which they are exerted. Unlike gravitation, molecular attraction 
varies with the chemical nature of the molecules. It is these mole- 
cular forces of minute range which give rise to the properties of 
cohesion, adhesion, surface tension, and adsorption, all of which 
are brought into play in flotation. 

Cohesion. — If, in a body of liquid, as in Fig. 172, a single molecule 
G is considered to exert attractions on all the molecules in a sphere 
described round it, the attractions are equal about any plane in the 
sphere and there is therefore no resultant of the molecular forces. 
The attractions that the molecules exert across any imaginary 
plane in the liquid constitute cohesion. Consider, however, a 
molecule E, near the surface CD of the liquid, with a sphere described 
around it, indicating the limit of its range of molecular attraction ; 



the molecule E will attract all molecules within this spherical range 
and all other molecules within the sphere will themselves act upon 
E in a like manner. The sphere of attraction exerted by molecules 
of the liquid cuts the surface at JK, beyond which there are no 
reciprocally-attracting like molecules. Within the portion of the 
circle JKLM, in the plane of the paper, the attractions between the 
molecule E and the other molecules included in the section JKLM 
are balanced, but the molecules in the shaded portion of the circle 
below the plane LM exert a pull towards the interior upon the mole- 
cule E. Similarly, there is a still greater force attracting the mole- 
cule F, situated on the surface, towards the interior of the liquid. 
The attYaction towards the interior of a liquid may be held to 
increase as the molecule moves away from the centre towards the 
surface, and to reach its maximum when the molecule is at the sur- 
face. Ha molecule be moved from the interior to the surface of a 
^liquid, work will be done against the forces of attraction, and conse- 
quently, on reaching the surface, ^.he molecule will possess potential 
energy in excess of that which it possessed in the interior. Thus 
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molecules at a surface possess greater energy than those in the 
interior of a body of liquid. The surface of a liquid is also slightly 
Jess dense than the interior, and a state of strain is induced. 

This simple statement of surface energy is incomplete when 
considering larger and more complex molecules (such as occur in 
coal), which do not exert uniform attractions in all directions. 
Nevertheless, for the present purpose, it is satisfactory, and enables 
an explanation to be put forward of the principles upon which, the 
froth flotation of coal depends. 

Surface Tension. — The latent potential energy in unit area of 
surface is termed the '' surface energy of the substance, and, since 
in all circumstances a system tends to arrange itself so that its free 
potential energy is at the minimum, the free surface bounding a 
liquid will take up such a form that its area is a minimum. The 
chief exhibition of this surface energy of a liquid is in the pheno- 
menon of surface tension, which acts as if the liquid were surrounded 
by a skin always tending to contract uniformly. 

Since surface tension results from the unbalanced molecular 
forces existing at the surface, it should bear some fundamental 
relationship to the balanced internal molecular forces, for example, 
to the cohesion. This relationship can be proved to exist, for sub- 
stances which have low cohesive power possess low surface tension, 
and vice versa (see 1'able 105). 

Surface tension may be defined as the force equal to the total 

Tablk 105. — Relationship between ('ohesion and Surface 
Tension (Edser) 


LiTjuid. 

• 

1 C'olK*sion, 

j Surface Tension 

Dynes > 10 ®. 

- 

in Dynes per cm. 

Ether .... 

1*559 

I7-I 

Hexane 

1*713 

17-4 

Methyl alcohol 

1781 

22-0 

Ethyl alcohol 

1 -837 

23-2 

Octane 

1-838 

23-3 

Carbon tetrachloride 

2-237 

26-0 

(Chloroform . 

2-381 

26-q 

Xylene . . . ; 

2-378 i 

28-5 

Toluene 

2*426 

29-1 

Carbon bisulphide. 

2*490 

31-1 

Oesol . 

3*123 

36-8 

Water. 

! 3-f>45 

38-5* 

Mercury 

13-17 

• 
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* At 100° c. 
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molecular attraction exerted across a line i cm. in length in the free 
liquid surface, or, alternatively, as the energy, expressed in ergs, 
required to create a fresh surface of i sq. cm. under isothermal 
conditions. 

Some evidence has already been recorded to illustrate the dynamic 
properties of the molecules in the surface of solids. Further evidence 
is to be found in the work of Beilby (Roy. Soc. Proc., 1903, A, 72, 218), 
whp found that, by firmly stroking copper or calcite with .the finger 
tips covered with chamois leather, a surface layer, estimated as 
being 1,000 /Lt /x in depth, flows under the pres.sure like a fluid. The 
fluid ” layer retains its mobility for but a short period, and resolidi- 
fies into a vitreous amorphous mass harder than the original crystal- 
line surface, and more soluble in acids. By dissolving away this 
layer, furrows resulting from the initial friction become visible under 
a high-power microscope at a computed depth of probably more 
than 1,000 molecules. 

Other evidence 6 i a similar nature could be recorded to strengthen 
the view that the surface of solids must often be not only granular, 
but also plastic, and thus frequently capable of penetration by the 
molecules of gases, liquids, and even of other solids. Most solid/liquid 
interfaces in flotation practice might be conceived to have the mole- 
cules of the liquid interlocked or rooted '' into those of the solid at 
the plane of contact. 

The surface tension of liquids may be readily mea.sured ; for 
example, by w('ighing the* pull exerted on a special balance pan by a 
film of the liquid. The direct determination of the .surface tension 
of solids, however, is not susceptible of direct measurement, but 
indirect methods may be u.sed as a guide to the actual values. The 
principle of the detcTinination of the surface ten.sion of a liquid may 
be visualised by imagining a* liquid separated into tw’o parts at a 
plane in its interior. Work is done in effecting the separation because 
of the attraction across the plane where the liquid is divided into 
its two parts. Tf W denotes the work done per unit area of the plane 
in overcoming the attraction exerted across it by the two parts of 
the liquid, then W 2 S, where S is the surface tension of the liquid. 
Using the same rea.soning, the ease with which two free surfaces may 
be produced in a solid by cleavage is an indication of the surface 
ten.sion of a solid. Thus a friable substance like coal would, in 
general, po.ssess a lower surface tensiofi than, say, pyrites. 

When a solid can be melted, its surface tension in the molten 
state can be measured, and this may give some indication of the 
surface* ten.sion in the solid state. Edser {he. cit.) has also shown 
that the surface tension of solids may be calculated from certain 
other physical characteristics. For examj)le, he calculates that the 
surf acei tension of quartz is 920 dynes per centimetre, and of iron 
pyrites, 1,175 dynes per centimetre. In general, it would appear 
that the surface tensions of solids are higher than those of liquids, 
in' Conformity with their greater forces of cohesion. 
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Adsorption.— Since, according to Edser {loc. cit), the molecular 
attraction of liquids varies inversely as the eighth power of the 
distance, it may be shown that about 95 per cent, of the energy 
corresponding to the surface tension of a liquid is localised in the 
extreme surface layer one molecular diameter in thickness. It is 
within this surface layer that molecules foreign to the pure liquid 
tend to be concentrated. This process of surface concentration of 
impurities is known as adsorption. 

Interfacial Tension. — The surface tension of a solid refers to 
a surface in contact with air. When, however, a second solid 
possessing a different value for surface tension is placed on the first 
solid, a different situation arises, for the molecules in each surface 
exert some attraction across the common surface (the interface), 
'riiis molecular attraction across an interface between two dissimilar 
substances is called adhesion, and is measured by the force per 
unit of area necessary to separate the substances. When the inter- 
face is formed between a solid and a liquid the phenomenon of 
adhesion is termed wetting. The molecular attraction between 
like molecules (cohesion) on either side of the interface is greater 
than the molecular attraction exerted across the interface between 
dissimilar molecules (adhesion), and the resultant unbalanced forces 
give rise to interfacial tension. When the interface is formed by 
the contact between a liquid and a solid, interfacial tension has an 
effect in resisting lateral extension of the interface. The forces 
involved may be equated, using the symbol <7 for surface tension : — 

Let represent the surface tension of the liquid (or the work 
done in creating i sq. cm. of free liquid surface) ; 

(72 the surface tension of the solid (or the work done in creating 
I sq. cm. of free solid surface) ; 

CT12 the surface fension of the liquid/.solid interface (or the work 
done in creating i sq. cm. of solid/liquid interface). 

Let W]2 be the work done in separating the interface at a plane 
of I sq. cm. area, into two fresh surfaces of i sq. cm. each. 

Imagine the solid and liquid surfaces to be brought together. 
If no work is done in separating them the total energy of the inter- 
face (intcrfacial tension) will be the sum of the energies of the two 
surfaces, or 

o’i2 ^1 4 ' ^2 when W22 ~ 0. 

In this case the molecules of the liquid would exert no attraction 
across the interface upon the molecules of the solid ; nor would the 
molecules of the solid attract the molecules of the liquid, and no 
adhesion or wetting would ari.se. I'he strain in the 'system is un- 
relieved and the intcrfacial teirsion is, then‘fore, at a maximum. 
I'he case is hypothetical, for no example of zero adhesion (ot).solute 
non-wetting) is known ; should a case of complete non-wetting 
occur, the liquid would form compiete spheres resting on the solid, 
and there would be no interface. • • • 
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The relation between the interfacial tensions for the phases, 
solid/air, liquid/air, and solid/liquid may best be appreciated by 
considering an air bubble in contact with the interface between a 
solid and a liquid (water) as in Fig. 173. A contact angle 6 is made 
between the air/water and the water/solid surfaces. At a point, P, 
where the three phases meet, equilibrium will be established by the 
algebraic sum of the three tensions, namely, the tension of the solid, 
cTg/ the component of the tension of the liquid resolved parallel to 
the surface, cos 0, and the interfacial tension, dig. 

Then (jg ~ cos 0 + tyi2> 

CT o ^12 n 

or - — = cos 6. 

CTi 

This relationship may be stated in general terms ; that the extent to 
which the surface tension of the solid is reduced by contact with tlie 
liquid determines .the angle of contact between the air/liquid .and 



liquid/solid interfaces. The greater the molecular attraction (or 
adhesion) across the interface between the solid and the liquid, the 
more relieved are the surface strains, and the more readily can the 
solid be wetted. The angle of contact is a measure of the interfacial 
tension and, therefore, of the degree of adhesion. It is, therefore, 
also a measure of the ease of wetting of the solid by the liquid. 

The relationship between the contact angle, the degree of wet- 
ting, and the various tensions involved may be examined in the 
following examples (due to Sulman, ioc. cit.). In each example a 
small air bubble is considered to be in contact with a liquid /solid 
interface, and a small drop of liquid on a solid surface is regarded as 
being in contact with air. 

(i) Fig. 174. (Theoretical condition of non-wetting.) 

In this case, 0 180 degrees and cos 9 — — 1, 

whence = — i, 

* 

^12 — ^2 ”f~ 


Of* 
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Since the sum of the surface energies of the solid and liquid 
phases apart is erg + ^1* reduction of energy has taken place in 
this example, and the interfacial tension is at its maximum ; the 
degree of adhesion is therefore nil and no wetting occurs. A small 
drop of liquid would form a complete sphere on the surface of the 
solid. This case is hypothetical, for no contact angle of 180 degrees is 
known for a solid/liquid interface (the highest known value being 
148 degrees for mercury /glass) . With some pairs of immiscible liquids 
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Fici. 175. — Diagram of Contact 
Angle. 


higher contact angles are known, but in all solid/liquid interfaces 
some degree of adhesion (wetting) occurs. 

(2) Fig. 175. 

In this case, 6 =* i2o degrees, cos 0 I, 


whence - i, 

or (7 i 2 — 0-2 + -Jo-]. 

In these circumstances, the interfacial tension is reduced by J<Tj, 
and some degree of wetting occurs. 

( 3 ) Fig- 176 - 

In this case, 0 — 90 degrees, cos 9 — o, 
whence o, 

or <^12 =■- or2- 

Under this condition interfacial tension is reduced to the value 
of the solid tension and only partial wetting occurs. An air^bubble 
would be stable at a solid /liquid surface. The contact angle con 
sidered in this example (qo degrees^ is approximately the maximum 
contact angle obtained with a number of mineral ores (iron pyrites. 
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calcite, niarcasite) and water. For easy flotability a contact angle 
approaching (or preferably exceeding) 90 degrees is required. 

(4) Fig- 177- 

In this case, d = 6o degrees, cos 6 — 1, 
whence i, 

or • G-^2 ~ ^2 2^1' 

When 6 — 6o degrees, the interfacial tension is less than the surface 
tension of the solid, and tlie extent of wetting is greater than in the 
previous examples. A relativ(‘ly strong external force would still 
be necessary to dislodge' a bubble from a solid/liquid interface, so 



luG. 776. — Diagram uf Contact Fig. 17/. » -Diagram of Contact 

Angle. Angle. 


that flgtation by air bubbles would be ]>ossible, but less easy than 
with a larger angle of contact. 

(5) Fig. 17X. 

In this ca.se, 0 - - o, cos 0 — i, 
whence “ ^32 

or ^ 12 " ^2 ^ 1 * 

With ap angle of contact of zero, a drop of liquid would spread com- 
pletely over the surface of the solid ; an air bubble at the liquid/solid 
surface would only rest tangentially on the surface and would leave 
the solid surface with the applicatioji of the least external force. 
Even w(ien the contact angle is greater than o degree, but is still 
' small, flotation by aeration is impossible, owing to the instability 
of the bubble on agitation. • 

■ Yu example (5), *in spite of a zero contact angle, a residual surface 
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energy will usually obtain, for the solid tension is usually greater 
than the liquid tension Sulman has consequently called this 
condition the “ angular limit of wetting,” and remarks that complete 
wetting, when no residual energy remains (<73 == otj), occurs when 
particles of solid, if not too large, become true suspensions in a 
liquid. This condition is called “ complete deflocculation.” 

FloccfUlation. — When a powdered ore is mixed with water, 
agitated, and allowed to stand, it may be observed that the particles 
in the upper layer of the turpid pulp are agglomerated into clusters 
which tend to sink. The clusters may be shown to consist of nume- 
rous small air bubbles coated with finely-divided ore. On adding a 
small amount of sodium silicate, howev(‘r, a uniform turpidity of 
the pulp will occur in which, as distinct from the previous mode of 




J'K’.. 179. — Flocculation Diagram. 

aggregation, each particle is separated from its neighbours. This 
suspension may persist for several days. 'I'he first condition, of 
aggrega.tion or agglomeration of particles, is called “ flocculation,’ 
and the condition of suspension of isolated particles “ defloccula- 
tion.” 

Edser {loc. cil.) advances an explanation of these phenomena on 
molecular grounds. Let A and B, Fig. I 79 > he two particles in a 
liquid in which M represents one mok'cule and the circle its radius 
of molecular attraction. If this sphere encloses parts of the particles, 
A and B, the molecule, M, is not necessarily in equilibrium, as it 
would be if the particles were absent. In the absence ftf the particles. 
A and B, the .space they occupy would be filled with liquid, and the 
molecular forces acting on the molecule, M, would prohebly be 
either greater or less than they are in the presence of the particles. • 
If the particles attract M with a force less than that which would be 
exerted if the spaces they occupy were filled with liquid, the ntole- 
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cule, M, will be pulled away from the space between the particles ; 
similar forces will act on all the molecules of liquid between the 
particles so that the liquid will be sucked out from between them, 
and they will appear to attract each other. Similar reasoning can 
be advanced to explain apparent repulsion, or equilibrium. Edser 
develops a mathematical method to show that the condition for 
apparent attraction (which is simply flocculation) is .satisfied when 
a finite contact angle is formed, and, as this is also the condition 
for flotation, it follows that all materials that can be flocculated 
can also be floated. Edser also shows that the effect of air bubbles 
in promoting flocculation is very marked (as in the flocculation of a 
precipitate of silver chloride in chemical analysis, by shaking), and 
argues that the mechanical action of the air bubbles will bring 
together particles which are too widely dispersed to exert any 
attraction on each other. 

Differential Wetting. — In general, oils make lower contact 
angles than water with metals, metallic sulphides, graphite and coal. 
Oils therefore wet such surfaces more easily than water. In a 
.system containing a solid (coal) and two liquids (oil and water), 
since oil would reduce the interfacial tension by a greater amount 
than water, the oil would wet the solid preferentially. On the other 
hand, the interfacial tension between gangue (or shale) and water 
would be less than that between gangiu‘ and oil, and water would 
wet the gangue more readily. 

Although an exact relationship between chemical properties and 
wetting power or wettability cannot yet be stated, a guide may be 
found in similarity of phy.sical behaviour, riklen (Chemical Philo- 
sophy, London, 1912, p. 331) has pointed out the broad parallelism 
in composition which exists between substances markedly soluble 
in each other. For example, petroleum is a better solvent than is 
alcohol for paraffin wax, but alcohol is a better .solvent than liquid 
hydrocarbons for resins, which are oxygenated bodies ; carbon 
bisulphide is the best .solvent for sulphur, and water is the best 
solvent for most oxygenated salts. Since complete wetting precedes 
.solution, the .same principle holds for wetting power as for solution. 

I hus it is found that water readily wi^ts oxides, hydroxides, quartz, 
silicates, and oxygenated inorganic .salts, but does not so readily 
wet hydrocarbons, waxes, .sulphur, diiimond, graphite and many 
metals. On the other hand, oils readily wet sulphur, sulphide ores, 
metals, graphite and coal, but do not readily wet oxides, quartz or 
oxygenated inorganic salts. 

Hysteresis of Contact Angles. — When a contact angle is 
measureii whilst a liquid is advancing over a dry .surface, a certain 
value, dp is obtained. If the contact angle is measured as the liquid 
is receding from the wetted surface, a lower value, is obtained. 
It itus been suggested by Sulman that this difference between the 
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maximum and minimum values of the contact angle should be called 
the hysteresis of the contact angle. The existence of the two 
limiting contact angles may be observed on placing a drop of water 
on a clean, dry piece of glass and then tilting the glass until the drop 
begins to flow. 'Fhe two angles of contact may be observed, one 
at the front of the drop as it advances, and one at the back as it 
recedes. Edser [loc. cit.) observes that, in this example, the surface 
of the solid from which the liquid has just receded has a higher 
surface tension than that of the original dry surface ; as adsorption 
of water would reduce the surface tension of the .solid, he suggests 
that water is ab.sorbed. The contact angles for several substances 
with water is recorded in Table 106. 

Table 106. — Contact Angles with Water 


Substance. 

Contact 

Angles. 

Hj'sleresis. 


(max.). 

tL (min.). 


Marcasite 


5 Cy 5 

28-0 

Iron pyrites . 

Hy-o 

25-5 

61 -5 

Quartz .... 

5«-5 

19-5 

39 -() 

Calcite 

«5-5 

39-(> 

45-9 

(dass .... 

39-5 

33-0 

(>•5 


Hysteresis of contact angle is of considerable importance in 
flotation, for it imparts a wide rang^ of equilibrium to a particle 
floating by surface-tension. With only one definite value, a slight 
disturbance would cause the particle to sink, whereas with a high 
hysteresis value greater stability is ensured. 

Alteration in Surface Energy of Solids. — When a solid is 
fractured, two new surfaces are exposed. I'he arrangement of the 
molecules in the now surfaces is the same as in the interior of the 
solid immediately after fracture, for a certain interval of time must 
elapse before the molecules near or at the new surfaces can take up 
their new and wider .spacing, which, as previously considered, is due 
to the resultant molecular force of attraction acting towards the 
centre of any particle. Because of this interval of time, the surface 
tension of freshly-broken surfaces is lower than that of surfaces 
which are not freshly exposed and have attained equilibrium. If a 
liquid is brought into contact with a fre.shly-exposed surface, the 
molecular forces causing adhesion or wetting are greater than in an 
old surface. In other words, wetting of freshly-formed surfaces is* 
easier. This has the important practical result that, in wet crushing, 
surfaces formed under water are readily wetted, and gangue,* or 
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shale, will tend to remain well wetted by water throughout sub- 
sequent operations. 

An alternative hypothesis advanced to explain flotation, hyste- 
resis, and the ageing '' of surfaces of minerals is that a film of air 
is deposited on them. This theory has been discredited by Edser, 
who showed that air was not condensed to a measurable extent 
upon the surface of minerals exhibiting these phenomena. 

Adsorption. — It has already been stated that when a pure 
liquid is diluted with a small quantity of a second liquid, the mole- 
cules of the impurity tend to concentrate in the surface layer, a 
phenomenon known as positive adsorption. The presence of foreign 
molecules, whether solid or liquid, in the surface layer of a liquid, 
diminishes its surface tension, since they reduce surface strain. 
Substances which show the most positive adsorptions are those of 
heavy complex molecules, for example, tannic acid, soap and colloidid 
substances generally, including coal. Finely-divided mineral sul- 
phide particles are positively adsorbed at a water surface. 

When two substances are dissolved in one solvent, the more 
strongly adsorbed of the dissolved substances tends to displace the 
less strongly adsorbed from the surface layer. For example, the 
detergent properties of soap are due to the power of soap to displace 
molecules of grease from a solid surface. The phenomenon of 
selective adsorption is of great importance in flotation, as will be 
seen later. Negative adsorption is evidenced when th(i molecules of 
a foreign substance are more strongly attracted by the molecules of 
the pure liquid than by each other, and concentration occurs of 
foreign molecules in the body rather than in the surface of a liquid, 
as is the case in .solution. Tlie concentration of molecules in the 
body of the liquid increases the surface tension. 

Stability of Films. — In flotation by means of air bubbles, the 
stability of the liquid films formed round th(‘ bubbles of air is of 
great importance. I he stability of the liquid film is ensured by the 
presence in it of a positively adsorbed substance. Suppose, for 
example, that a liquid film is stn^tched and therefore thinned, 
molecules of the pure liquid from the inside of the film will be drawn 
into the surface layers and will therefore dilute the molecules of the 
adsorbed .substance in the surface. BecJiuse of the dilution of the 
adsorbed substance, the tension of the surface layer will be increased, 
thus counteracting its tendency to break as a result of thinning. On 
the other hand, if the film contracts, the foreign molecules will 
become more concentrated in the surface layer and the ten.sion of 
the surface will be reduced. Thus, if the film becomes thinner, the 
surface tension increases, and if the film becomes thicker, the surface 
'tension is decreased. Consequently, the equilibrium of the liquid 
film is maintained because the surface tension adjusts itself to 
comfceract the forces causing stretching or contraction. 
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The essential condition for bubble-stabilisation is contamina- 
tion '' of a pure liquid, or the presence of foreign molecules in a pure 
liquid. Bubbles produced in a pure liquid continually unite and 
form larger bubbles which are less stable. According to Edser [loc. 
cit.), three classes of liquid mixtures favour aeration or stable bubble 
formation. The first class includes true solutions, in which the 
.solute is generally sparingly soluble in the solvent, but diminishes 
its surface tension. Solutions of cresol, phenol, camphor, aniline, 
amyl alcohol and amyl acetate in water are examples of this class. 
The second class comprises emulsions of substances which are 
practically insoluble in water — for example, soap, oleic acid, and 
olive oil. The third class comprises aqueous solutions of inorganic 
salts which are highly soluble in water — for example, sea-water, 
which froths very noticeably during tidal phenomena. 

Pure organic liquids (such, for example, as the saturated hydro- 
carbons), are unable to cause aeration of an agitated body of water, 
because they do not dissolve in water and contaminate the liquid 
film. They do not, therefore, cause a reduction of the surface tension. 
They are, nevertheless, good solvents for substances such as oleic 
acid and cresol, which favour aeration. 

Edser advances an explanation of the non-coalescence of bubbles 
in a liquid to which an aerating agent has been added. From the 
same reasoning as that advanced to explain flocculation, he argues 
tliat, in a pure liquid, the liquid will tend to be sucked out from 
between two bubbles which can then approach each other and 
coalesce. When surface conlaniLiation has occurred, however, the 
molecular concentration in the space between the bubbles will be 
different from its concentration in the bulk of the liquid. When the 
bubbles arc stationary, the osmotic^ pressure (the equivalent in 
liquids, of gas pressure in gases) due to the concentration in the space 
between the bubbles, will be balanced by the molecular forces that 
produce concentration. When the bubbles begin to approach each 
other, a change occurs in the molecular forces producing the local 
concentration and the osmotic pressure becomes unbalanced, the 
resultant force tending to stop the motion of the bubbles. 

When an aerated liquid is allowed to stand, the bubbles rise 
towards the surface with a speed depending on their size. With an 
increase in the number of bubbles in a given volume of the liquid, 
near to its surface, the amount of liquid in the spaces between the 
bubbles diminishes. With the closest possible packing of equal- 
sized bubbles, the percentage of interspace filled by liquid is 25 per 
cent., and each bubble is in contact with twelve others. When the 
interspace filled with liquid is less than 25 per cent', of the whole 
volume, the bubbles lose tlieir spherical shape, and, as the interspace 
is further diminished, the constituent bubbles of the froth formed 
approximate to a series of similar cells each with twelve plane walls. « 
For a stable bubble formation of this type, each bubble will take the 
form of a rhombic dodecahedron ; at any edge of one facet three 
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" bubbles will be in contact, and the angle between any two 
adjacent facets of the three bubbles will be 120 deg., so that the 
surface tensional forces are in equilibrium. 

Even when this condition is complied with, the conditions at the 
boundary of the froth must be such as to promote stability. Nearly 
all frothing liquids are able to wet solids and, therefore, to adhere to 
them. Consequently, a film of the frothing liquid will adhere to the 
sides of the containing vessel and ensure stability at the sides. If 
the upper boundary surface of the froth is in contact with the atmo- 
sphere, the upper surfaces of the top layer of “ bubbles must 
assume a curved shape in order to maintain a higher pressure in the 
interior of each bubble than the atmospheric pressure outside it. 
Hence the upper boundary surface of a froth is the least stable 
portion of the boundary, and a froth always begins to break down at 
the surface in contact with the atmosphere. 

When numerous solid particles are present in a froth, its stability 
is brought about by forces additional to those already considered. It 
has been shown that finely-divided mineral sulphide particles may 
be positively adsorbed at a liquid surface or, in other words, are able 
to reduce the surface tension of water. Each bubble is coated with 
solid particles, and, when the bubbles come into contact with each 
other, the attractions between the solid particles increases the 
stability of the froth. In the practice of flotation, most of the re- 
agents used are incapable of producing a permanent froth in the 
absence of solid particles, and the stability of the froth produced in 
practice will depend on the ratio of the solid contents of the froth 
to the total area of the film. Excessive aeration may produce an 
enormous area of film surface with a small concentration of solid 
particles. Such a condition would give rise to a froth which is less 
stable than the froth produced t)y a less lavish aeration, in which there 
would be a greater concentration of solid particles. A froth which is 
not particularly stable docs not, of necessity, break down imme- 
diately it is formed, and, in practice, it may be possible to allow the 
froth to overflow from a flotation cell before it breaks down. In a 
series of cells the froth may be sufficiently stable in the first few 
cells but quite unstable in the last, unless different conditions are 
employed in the later cells. 

GENERAL CONSIDERATIONS 

It has been shown that simple flotation, without the necessity 
of a froth, is possible when a material is not readily wetted by water, 
this being the principle underlying Elmore's bulk-oil process. Film 
flotation, or flotation on the free liquid surface of water, would 
necessita<:e a large expanse of surface for the commercial flotation 
^^f a finely-divided ore, and it is to overcome this difficulty in practice 
that recourse is made to the use o^ a froth of air bubbles, which, in 
effect, increases enormously the liquid/air surface for a given ground 
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space. Edser {loc, cit.) calculates that, for a ton of ore mixed with 
4 tons of water, the superficial area of the air/water interface is 
2*4 X 10’ sq. cm., or about i| sq. miles, although the ground space 
used is only of the order of 10 sq. yd. 

The practical requirements of flotation are a low wettability (by 
water) of the material to be floated, and a high wettability (by 
water) of the material not required to be floated. Reagents are 
necessary both to induce bubble formation, and to stabilise the froth 
produced. The materials to be floated may be of sufficiently ‘low 
wettability in their untreated form, or it may be advisable to add 
reagents to reduce their wettability by water. Gangue is usually of 
sufficiently high wettability to be non-floatable, and, if not, its 
wettability may be increased by wet crushing, or by the addition of 
suitable “ gangue-modifying agents,'* which tend to deflocculate it. 
A froth cannot be obtained in pure water, and, under almost all 
conditions, the addition of a frothing agent is essential, and 
usually, a froth-stabilising agent as well. A froth-stabilising agent, 
by being adsorbed at the mineral surface, will also increase its 
floatability. 

In flotation practice with metalliferous ores, reagents arc 
required to di.scharge three duties, namely : (i) Aeration, or the 
production of numerous minute air bubbles in the water ; (2) stabili- 
sation of the froth produced (simultaneously increasing the float- 
ability of useful mineral particles) ; and (3) deflocculation of the 
gangue to render it unfloatable. A single agent may discharge two 
or more of these duties. For example, sulphuric acid deflocculates 
quartz, and thus renders it unfloatable, but it increa.ses the float- 
ability of zinc blende ; sodium silicate deflocculates most gangue 
materials, but increases the floatability of chalcopyrite and other 
copper sulphides. Eucalyptus oil, olefc acid, turpentine and many oils 
act both as frothing agents and as froth stabilisers. Tannic acid is an 
excellent aerating agent for water alone, but its value in this respect 
is modified by the presence of ores, unless it is added in excessive 
quantities. In such an exce.ss, however, it deflocculates most 
minerals. Saponin acts in a similar manner. If soap is added to 
water in large quantities, nothing at all will float, and even sulphur, 
which is usually the most readily floatable of all substances, becomes 
unfloatable in a 0*5 per cent, aqueous solution of soap. Soap and 
gelatine, although they are strong frothing agents for water alone, 
are so strongly adsorbed by coal that no aeration results in its 
presence. Sea-water is an excellent aerating agent, and, from this 
point of view, could be used for coal flotation but for the deleterious 
effect of salt in coal when used, for example, in coke ovens. Satu- 
rated hydrocarbons are quite u.seless as aerating agents. Ihey are, 
however, good wetting agents for metallic sulphides and coal, and 
if a particle of coal is covered with a film of a saturated hydrocarbon^ 
the wettability of the particle by^ water is reduced. Oleic acid acts 
as an aerating agent and also reduces the wettability of particles by 
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water, a property which is enhanced by the addition of small quanti- 
ties of the lighter petroleum oils. 

Amyl-alcohol in low concentration (i part in 5,000 to 20,000 
parts of ore pulp, or from | to 2 lb. per ton of ore in 4 tons of water) 
has been extensively used as a frothing agent, though it has lately 
been superseded by cresol in similar or slightly higher proportions. 
The water-soluble portion of several fixed, and many essential, oils 
seryes equally well the same purpose. vSince a minute amount of an 
insoluble oil, adsorbed at the mineral surfaces, will decrease their 
adhesion for water, a single oil may serve, not only as a frothing 
agent, but also in enhancing the floatability of metal sulphides. If 
an oil be used alone it must yield sufficient aqueous solute ; it has 
been found that eucalyptus oil, pine oils, turpentine, the terpenes 
and their hydroxy-compounds, camphor oils, sulphonated oils and 
many aliphatic and aromatic compounds, fulfil this requirement. 
Tar oils containing phenols and crcsols are widely used on account of 
their cheapness. 

'I'he agitation of an oil with water may produce an oil and water 
emulsion. Calcile cleavages, and many clays and slatey gangues, 
however, adsorb oils— particularly unsaturated oils — when (exposed 
to such emulsions, and, in this circumstance, the addition of 
gangue-modifying agents is necessary for deflocculation. Such 
modifying agents include sulphuric acid, caustic soda, sodium car- 
bonate, sodium silicate, silicic acid, and act not only by adsorption, 
but also by incipient chemical action. 

The possibility that over-aeration may reduce the stability of a 
froth has already been considered. “ Overcrowding of solid 
particles also has an important result. If the constituents of an ore 
exhibit different contact angles with water, a sufficiency of particles 
with high contact angles with water will displace from a froth those 
particles which make lower contact angles (Sulm'an, loc. cit.). This 
permits differential flotation without the use of special reagents, 
rhe effect is familiar in the multiple-box apparatus used for coal 
flotation, in which the froth produced in the first box is richest in 
particles of higher contact angle (usually lowest in ash) and a different 
type of product may be produced in- successive boxes, l^y reason of 
this phenomenon, zinc blende may be separated from the galena 
with which it is often associated, 'bhe practice of returning inter- 
mediate froths to the head-box of the SCTies accentuates selection, 
increasing the concentration of the more floatable particles. This is 
the basis of “ rewashing ” in flotation practice. 

Flotation is essentially a differential process, and, apart from the 
general separation of mineral from gangue, different types of mineral 
may be separated from each other, as well as certain types of gangue 
from otlv?r types. Although gangues are of a relatively low order of 
^floatability, they exhibit differences among themselves, since they 
may consist of quartz, secondary ^ilica, quartzites, felspars, barytes, 
and ^numerous silicg,tes, all with different surface properties and 
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contact angles. Thus mica may be separated from felspar, barytes 
from quartzite, and oxides and carbonates from silicates. 

Diherential flotation may be achieved by the use of selective 
chemical methods to alter the surface properties of one or more 
constituents of an ore, as in- the Horwood process. On roasting, 
galena readily undergoes .surface oxidation to become coated with a 
layer of lead sulphate, and so becomes less floatable, but zinc blende 
may be unaffected by the same treatment. Separation of blende 
from galena is, therefore, facilitated. Separation is, however, usually 
incomplete, owing to the difficulty, in practice, of achieving complete 
surface oxidation of quantities of very small particles. This is 
particularly the case when, as is usual, the particles are in a floccu- 
lated condition. The employment of soluble chromates to coat 
galena with a film of lead chromate is of theoretical rather than of 
practical importance. Other chemical nK^difications employed arc 
the use of fatty acid emulsions for combination with certain metallic 
oxides and carbonates, which then become filmed with metallic 
soaps, and the use of soluble sulphides to produce .sulphide films 
on oxidised metals. Both processes, however, suffer from the disad- 
vantage of having to deal with finely-divided particles of the ore 
pulp, and from the liability of the films to be stripped off by the 
agitation ncce.ssary in all froth-flotation practice. 

The physical methods of governing differential flotation have 
already been considered in detail. They may be summarised as 
follows : (i) Accentuation of flocculation and deflocculation ; 

(2) limitation of film stability ; modification of surface properties 
(as oiling) ; (4) control of bubble surface by " overcrowding ” ; 

(5) variation of particle size. With regard to the latter factor, 
Sulman quotes an intercisting experience with an Australian blende- 
galena product. With an elutriated pl-oduct (equal-falling particles, 
in which the blende particles were about twice as heavy in water 
as the galena particles) the galena floated first wdth an unstable 
froth, and most of the blende was recovered in a second, stabili.sed, 
froth. On the other hand, when a screened product was used (in 
whjch the blende particles were only half as heavy as the galena 
particles) the blende particles, being lighter, were recovered first in 
an unstable froth. 
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l-KOTH J'LOTATION : PKOCESSES 

GENERAL 

The reagents which are suitable for sulphide mineral flotation 
are also generally suitable for coal flotation, since both coal and 
sulphide ores have comparatively non-oxygenated surfaces, and are 
more readily wetted by oil than by water. The dirt usually asso- 
ciated with coal behaves similarly to the gangue of ores in being 
more readily wetted by water than by oil. The addition of a frothing 
agent such as cresol, aided by mechanical agitation, produces a 
bubble system in the body of tlic Ikjuid. A coal particle in contact 
with an air bubble is. in efh'ct, equivalent to a solid particle at a 
liquid/air interface, and the angle of contact of the air bubble at the 
iiquid/solid interface will be large. I'he bubble will, therefore, be 
stably attached to the solid partichi (conditions similar to those of 
Figs. 176 and 177), If the particle is not too heavy, the buoyancy of 
the bubble will carry it to the top of the liquid, and the coal particles 
will therefore b(' concentrated in the froth. With shale, the contact 
angle at the solid/liquid interface will be small, and a bubble would 
be unstable and easily dislodged from a solid particle when, as in 
practice, the mass is violently agitated. Shale particles are thus not 
borne to the surface by attached bubbles, and separation of coal and 
.shale is possible. 

Pyrites requires spc’cial consideration in ('oaf flotation. It forms 
a large contact angle with water and so is floatable, but .since flotation 
is essentially differential, it is possible to ensure that coal is floated 
in preference to pyrites by taking advantage of principles previously 
considered, namely, tho.se relating to overcrowding and size. The 
application of the principle of overcrowding needs no further 
amplification, but the size factor may be briefly reconsidered. 

If equal-.sized particles are u.sed, there would be little difficulty in 
preferentially floating coal from the pyrites, which is many times 
heavier than coal. If the sizing were not very close, however, small 
pyritic particles might be floated with the coal. Indec^d, it .seems not 
unlikely that the difficulty in .separating those particles which ju.st 
cannot be separated by ordinary methods of classilic'ation, namely, 
equal-falling " particles, might bt' greater in froth flotation than 
is the ,xase when mcjthods dependent essentially upon density 
differences are employed. 

Differential flotation may b^ applied to coal by the choice of 
re;agcnts. It has J^cen shown, for example (Chapman, Fuel, 1922, 
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I, 52), that, when using kerosene, the resultant froth contained 76 
per cent, of bright coal (clarain and vitrain) and only 24 per cent, 
of dull coal (durain). With phenol, the froth contained only 20 per 
cent, of bright coal and as much as 80 per cent, of dull coal, in what- 
ever order the reagents were added. 

In experimental work on the froth flotation of coal, cresol 
(cresylic acid) is the usual frothing agent used, and paraffin oil is 
used for froth stabilising. In practice, suitable agents are cresol 
and gas oil, or one of the higher boiling fractions of distilled tar, 
containing both cresols and neutral oils. The effluent water from the 
naphthalene-scrubbing tower used in the Otto direct ammonia- 
recovery process on coke-oven plants is found to contain sufficient 
tar acids (frothing agents) and neutral oils (froth stabilisers) to be 
used for froth-flotation practice, without recourse to separate oil 
additions. It is said that effluent ammonia liquors may also be 
used, and since the ammonia liquor itself has been in contact with 
the tars produced during carbonisation, it is to be expected that, 
even after distillation, ammonia liquor will contain tar acids and 
neutral oils, but the excessive content of inorganic salts would 
probably make its use undesirable. 

In coal-cleaning practice, the particular role which froth-flotation 
processes are best able to fill is in the cleaning of small coal, which is 
only imperlectly ( leaned by many other processes of coal cleaning. 
Indeed, the upper limit of size for successful flotation is in., and 
coal exceeding this size must either be crushed before washing, or 
else be wa.shed by other means. Iii the early days of its development, 
when flotation practice had achieved some spectacular triumphs in 
ore-dressing practice, the possibilities of its application to coal 
cleaning appealed to the imaginations of many whose predictions 
owed more to the fertility of this source of inspiration than to the 
established facts of large-scale operation. It was proposed that 
coking coal, which is usually crushed after washing for charging to 
the ovens, should be crushed before washing and cleaned by a froth- 
flotation process. The practical disadvantages of such a procedure 
are that the large pieces of free dirt and pyrites would have to be 
crushed and, because of their relative hardness, would make the 
crushing operation more expensive ; the coal which was not crushed 
through in. mesh would have to be recovered from the flotation 
residues by other washing methods or else the residue would have 
to be recrushed. The problem of handling large quantities of small 
coal throughout the washery operations and the final dewatering 
present great technical difficulties. The cost of washing all coking 
coal in quantities of, say, 100 tons per hour by a froth-flotation pro- 
cess, with the large number of units, the considerable* amount of 
attention required, and the special knowledge demanded^ apart 
from the cost of reagents and the royalty payable, would make the 
commercial process compare mos 4 unfavourably with other and 
simpler processes for coal-cleaning. • * * 
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The claim that froth-flotation treatment produces cleaner coal 
than that produced by other cleaning processes has not always been 
substantiated in practice. Such a claim is often based on the 
results of an experimental laboratory froth-flotation unit, which 
arc compared with the results of cleaning coal in jig washers dealing 
with 100 tons of coal per hour. It is manifestly absurd to compare 
results obtained under such different conditions, and the only com- 
parison worth considering is on a basis of similar throughput. If 
coke of particularly low ash content is required, suitably-cleaned 
coal can be prepared by most methods of washing when dealing 
with all coal up to, say, I in. delivered to the washery. 

A rational method of procedure would be to clean all the raw 
coal by some efficient type of gravity washer and to recover 
only the coal floating in a liquid of S.G. 1-4. The middlings and dirt 
might then be crushed to liberate some of the intergrown coal, and 
the crushed material might be cleaned by froth flotation, or other 
process which deals efficiently with fine materials. In this way a 
cleaned product suitable for admixing with the coal cleaned by other 
means could be produced, and a particularly high grade of clean coal 
would be available. 

Alternatively, to avoid the cost and difficulty of cru.shing the dirt 
and middlings, it might be arranged that the slurry produced by 
ordinary wet-washing processes could be treated by a froth- 
flotation process (or some other efficient process for cleaning very 
fine coals) and admixed with the rest of the clean coal. This method 
would not yield such a clean product as the first one, but, when the 
middlings fraction is only small, it is an easy one to adopt. It is 
used at Clifton, Lancs., to clean the slurry produced in a Baum 
washery. By adopting this scheme, clean coals of 4 to 5 per cent, ash 
content may be obtained. 

Rjcsults 

Some of the results obtained by froth-flotation cleaning are 
recorded in the following tables. Bury, Broadbridge and Hutchinson 
[Trans. Inst. Min. Eng., 1920, 60, 243) record results (reproduced 
in Table 107) wffien using an experimental plant in Durham. 

All the materials treated were previously crushed so as to pass 
through -515 in. screen. The results obtained with the coking coals 
are very good ; those for the non-coking coals, slacks and slurries 
are not so good. Non-coking coals (excluding semi-anthracite and 
anthracite) have a higher oxygen content than coking coals, and 
are therefore more easily wetted by w ater and are not so readily 
separated from shale. The results obtained for the washery wastes 
show that appreciable quantities of combustible matter may occa- 
sionally be recovered by crushing and rewashing, although the 
^ quality of the product is inferior, so that it could not be used alone 
for j)rocesses requiring high-gradb materials. It might with advan- 
tage, however, be ihixed with the main clean coal fraction for many 
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Table 107. — Results of Cleaning English Coals by 
Froth Flotation 


Description. 

• 

Raw 

Coal. 

Ash 

per 

cent. 

! Clean Coal. 

Refuse. 

1 

Weight 

1 per cent. 

Ash 

per cent. 

Weight 
per cent. 

Ash 

per cent. 

Coking, No. I . 

12 4 

87*8 

3-8 

12*2 

72-4 

,, No. I . 

24*2 

75-9 

5-2 

241 

78-5 

„ No. 3 . 

I5-S 

83-2 

5-4 

i6-8 

76-0 

Non-coking, No. i . 

^5*5 

73-8 

8-9 

26-2 

84-5 

No. 2 . 

27*0 

68-3 

9-0 

31-6 

76-0 

„ No. 3 . 

21*8 

69-2 

7*3 

30-1 

74*4 

No. 4 . 

28-2 

667 

9*4 

27-5 

78*8 

Slack, No. I 

30-0 

68-9 

12-2 

3i-t 

8o*o 

,, No. 2 

30-5 

71*0 

9*6 

29*0 

86-5 

Slurry, No. i 

35 •.‘5 

i bo*2 

8-1 

.3Q-8 

74*0 

„ No. 2 . 

33« 

! 48-5 

117 

51-5 

78-0 

No. 3 . 

21-5 

! 83-8 

9'9 

i6-2 

8i-5 

,, No. 4 

45-^ 

; 50-0 

12*5 

40-5 

82-8 

Washcry waste. No. i 

74-() 

1 i6-8 

13-0 

83-2 

86*6 

,, ,, No. 2 

40-3 

! 53-<> 

7.9 

47-0 

75-8 

,, „ No. 3 

6i-2 

30-2 

10- 1 

37-8 

86-1 

,, M No. 4 

7(1-0 

i 14*5 

13-5 

83-0 

87-6 

No. 5 

()2-2 

i 24-3 

9-6 

70-7 

8^8 

>, ,, No. 6 

75-0 

j 1 6-2 

14*0 

83-8 

88-5 

,, No. 7 

63-8 

j 28-7 

10-8 

71-3 

86-5 


1 'able 108. — Results of Cleaning Derbyshire Coals by 
Froth Flotation 



Raw Coal. 

Washed Coal. 

Description. 

Ash 

jx'r cent. 

Sulphur 
per cent. 

Weight 
per cent. 

Ash 

per cent. 

Sulphur 
per cent. 

Slack, No. I 

19-4 

2-47 

76-2 

5-5 

2-38 

„ No. 2 . 

20*4 

2-97 

— 

4-2 

2-21 

„ No. 3 

20-5 

2'8i 

70-0 

4-4 

* 1-93 

,, No. 4* 

21*2 

2*32 

00*4 

^ 7-6 

1*93 

Slurry, No. i 

2 I-I 

2*84 

67-0 

70 

2-44 

„ No. 2 . 

23- 2 

— 

70-8 

7-1 

• 

„ No. 3 . 

17-5 

2-51 


lO-O 

2*29 


T 


* Raw coal contained 67*8 per cent, through in, mesh ;• all others were grtfuiid 
so as to pass through in. mesh. 
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purposes. The quantity of material recovered from the refuse is 
small in comparison with the bulk of the cleaned coal, and the 
resulting increase in the ash content would often be compensated 
by the higher gross yield. 

Results obtained for Derbyshire coals by Lee and Whitehead (Gas 
World, 1924, June 7) on a laboratory scale are recorded in Table 108. 

Table 109 records the results of treating a number of Spanish 
coals (Louis, Colliery Engineering, 1924, p. 427). 


Tahle 109. — Results of Cleaning Spanish Coals by 
Froth Flotation 



Raw Coal. 

Washed Coal. 

Refuse. 

Description. 

Ash 

Weight 

Ash 

Ash 


per cent. 

per cent. 

per cent. 

per cent. 

Penariibia fine.s 

30 

66 

10 

70 

Mariana fines 

32 

50 

II-I 2 

55 

Ujo slurry . 

32 

65 

9 

75 

Turon slurry . . j 

32 

70 

9 

75 

Modesta wash water . | 

i 

30-32 

— 

10-12 

55 


In Table no results obtained by Dcssagne for French coals arc 
recorded (La Technique Moderne, 1923, 15, 554). 


Table no. — R esults of Clicaning French Coals by 
Froth Flotation 



Raw Coal. 

Washed 

Refuse. 


Description. 

Ash 

per cent. 

Coal. Ash 
per cent. 

Ash 

per cent. 

Reagents Used. 

Slurry No, i . ! 

' 36-5 

10*9 

71 

Turpentine, 2ilb./ton. 

No. 2* . 

33-0 

II-8 

67 

Crude creosote, 

4} lb. /ton. 

„ No. j . 

35-0 

1 

II-I 

68 

Turpentine b 10 p.c. 
benzol, 3 lb. /ton. 

„ No. 4 . 

38-0 

12*0 

^>5 

— 

Coal Nv). I 

j 

29-0 

II-O 

77 

Turpentine,2jlb/ton, 


• The percentage of ash in the products from successive boxes was 4, 6*5, 9, 12, 17 
and 21. 


Dessagne records an attempt to obtain a saleable product (with 
ash less than 12 per cent.) from washery waste containing 35 to 
45'per cent. ash. Preliminary experiments, varying the type of oil 
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used, only resulted in the production of coal containing from 15 to 
26 per cent, of ash. The poor results were attributed to the presence 
of middlings and of disintegrated clay, which easily floated of its 
own accord without being brought to the surface in bubbles. An 
attempt was made to remove the disintegrated clay by elutriation, 
but the ash content of the raw material was only decreased from 43 
to 38 per cent. Fine grinding was resorted to in order to overcome 
the large .contribution of ash from the middlings, and the following 
results were obtained, using turpentine as the reagent : — 


Size 

Cleaned Coal. 

Refuse. 

(mm.). 

Ash per cent. 

Ash per cent. 

< 2 . 

17 

62 

< I . 

15 

64 

< i . . 

19 

58 

<l . 

20 

55 


Rewashing the coal was also practised without success, and 
failure of the process was, therefore, admitted. 

L. Bloum-lhcard {La Revue Industrielle, 1926, May, June, July) 
describes an attempt to recover fine coal from a French pit-heap of 
washery waste containing some 3,000,000 tons of material with 60 to 
65 per cent, of ash. A froth-flotation plant of 1,000 tons per day 
capacity was used and the raw material was sieved to remove the 
large pieces of dirt and crushed to less than 2 mm. in.) size by 
hammer mills. The percentage recovery of fine coal was 20 to 22 per 
cent., with an ash content of 18 per cent., the refuse having 72 to 
74 per cent, of ash. •The coal was too luuch oxidised to use for coking 
purposes, and briquettes were made from it with the aid of oil (by 
the Trent process). 

O. Schafer [Stahl ^t. Risen, 1925, 45, 49) records the results of 
cleaning German slurries by froth flotation. His results are given in 
Table in. 

The plants treating the first four slurries were Minerals Separa- 
tion plants, each of eight or ten cells. The remaining slurry was 
treated in an Ekof plant. Schafer drew attention to the enhanced 
yields of coal with a low percentage of ash, obtained by using froth 
flotation in addition to the ordinary " gravity " washing process. 
The fine coal of Waldenburg, when washed in a ” gravity '' Vasher, 
would give a yield of only 56 per cent, of material with an ash content 
of 5*5 per cent. ; by cleaning the 10 to J mm. (| to in.) coal by a 
gravity washer, 53 per cent, of coal with 5*1 per cent, of asj^ would 
be obtained, and, by treating the \ mm. to o iVo in. to o) size by 1 
froth flotation, 15*2 per cent, of coal with 7-0 per cent, of ash would 
also be obtained, giving a gross yield of 68-2 per cent, of coaJ.of 
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Table hi. — Results of Cleaning German Slurries by 
Froth Flotation 



Raw 

W ashed Coal. 




Slurry. 



Refuse. 

Capa- 

city. 

Description. 



Ash 


Ash 

W^eight 

Ash 

per cent. 

Tons/ 


per cent. 

per cent. 

per cent. 

hour. 

Zwickau, Saxony . . j 

35-4« 

50 -55 

8-9 

20-25 

12 

Molko, Silesia . . 1 

20 23 

: 45 50 

8-9 

30-35 

35 

(relsenkirchen, Westphalia | 

9 10 

92-94 

56 

75-80 

15 

Altenwald, Saar . . ' 

22-25 

, 70-72 

7-8 

b 5-75 

10 

Mont Cenis, Westphalia . 

1 

25-30 

50 

1 

7-5 

75 

1 

5 


5*5 per cent, ash content. When washing the same coal to 6*5 per 
cent, of ash, an increased yield of 15*7 per cent, would be obtained if 
the finest coal were cleaned by froth flotation. Similar results are 
recorded for a Westphalian “ gas-flame '' coal. 

W. Randall (Rec, Cieol. Surv. India, 1924, 56, 225) records the 
results of cleaning Indian coals by a froth -flotation process on a 
laboratory scale. Indian coals, in general, contain mineral matter 
which is very intimately associated with the true coal material, and 
there is an insensible transition from the coal of lowest ash content 
to the coal of highest ash content, the specific gravity varying in a 
like manner. Separation in “ gravity ” washers is, therefore, difli- 


Table 112. — Results of Cleaning Indian Coals by 
Froth Flotation 



Raw 

Coal. 

Washed Coal. 

Refuse. 

Description. 

Ash 

per cent. 

Weight 
per cent. 

Ash 

per cent. 

Weight 
per cent.' 

I 1 

Ash 

per cent. 

Jharria, No. 16 seam (coking) 
face sample, run-of-mine . 

22*4 

60 

II-8 

i 

40 

38-3 

Do. through i in. fines from 
crushed run -of -mine coal . 

20*1 

60 

10-2 

40 

34*9 

Do. through ^ in. fines from 
crushed run-of-mine coal . 

19-2 

60 

9-5 

40 

33-8 

Bokaro, Kargali seam (coking) 
face sample, run-of-mine . 

22-J 

50 

14-4 

50 

30*2 

Do. through ^ in. fines from 
crushed run-of-mine coal . 

20-6 

50 

9-6 

50 

31-6 

Barakar, Laikdih sm. (coking) 
face sample, run-of-mine . 

. • 

1 

140 

60 

10*4 

40 

19-4 



FROTH FLOTATION: PROCESSES 


423 


cult, and, in any event, crushing to liberate some of the intergrown 
dirt is advisable. The fine crushed material then obtained cannot be 
very successfully treated in gravity washers. For the experiments 
made, the coal was crushed so as to pass through a in. screen. 
Typical results are recorded in Table 112. 

The fractures and cleavage planes of the seams occurred in bands 
of vitrain and clarain which had a much lower ash content than the 
harder durain. The slack formed in mining, therefore, had a lower 
ash content than the run-of-mine coal, and it was shown that 
improved qualities of slack for coking could be prepared by crushing 
the run-of-mine coal and using the slack less than i in. or ^ in. 

A comprehensive set of results for cleaning coal by froth flotation 
on a large scale was recorded by Scoular and Dunglinson {Trans. 
N. of Eng. Inst, of Min. Eng., 1924) for Cumberland coals. One of 
the seams treated had the composition recorded in Table 113 
when crushed through to mesh (about ^ in. for the sieves used). 
For the float and sink tests, the coal of 10-20 mesh size only was 
used. 


Table 113. — Composition of Raw Coal 


S.Ci. 

Weight per 

< 1-23 

5-2 

I25-I-30 

540 

I-30-I-35 

10-7 

I- 35 -I -40 

5-0 

1 •40-1-45 

2-5 

I- 45 -I -50 

1-4 

I-50-I-55 *• 

0-9 

I 55-1-60 

0-6 

I 60-1 -So 

1-4 

1-80-2-40 

2-7 

2-40-2-90 

9-8 

> 2-90 

3 -« 


Ash per cent. 

Suli)hur per cei 

I-I5 

1-02 

1-91 

1-09 

6-14 

1-71 

9-83 

1-85 

14-12 

1-93 

19-08 

1-99 

24-79 

2-05 

28-84 

2-01 

40-23 

2 -6 o 

64-71 

2-86 

78-28 

2-02 

71-52 

20-55 


The screen analysis of the coal treated was as follows : — 


Size of Mesh. 
10-20 . 
20-60 . 
60-100 . 
100-200 . 
< 200 . 


I’cr cent, by Weight. 

• I3-I 
. 40-9 

• 14-3 

. i6-2 • 

• 15-5 


The coal was treated in an eight-cell apparatus (Mineral^ 
Separation) with two additional*mixing boxes. The ground space 
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occupied by the apparatus was 37 ft. by 15 ft. Cresylic acid was 
used as a frothing agent in an amount of 077 lb. per ton of coal ; 
0-37 lb. of gas oil per ton of coal was also used as a froth stabilising 
agent. The composition of the products in the froth from the first 
seven boxes is recorded in Table 114. 

Table 114. — Composition of Products from Different Cells of 
A Froth-Flotation Plant 



Concentrates. 

S.G. < l O.* 

s.(;. > 1-6. 

* 

Cell 









No. 







1 



Ash per 

Sulphur 

Weight 

Ash per 

Sulphur 

Weight 1 Ash per 

Sulphur 


cent. 

percent. 

per cent. 

cent. 

percent. 

per cent. 

cent. 

per cent. 

I 

3-02 

1-27 

98*6 

2*33 

I *05 

1-4 

51-2 

9.27 

2 

316 

1-35 

98-5 

2-38 

1*20 

1-5 

54-5 

11-30 

3 

3-26 

1*30 

98-2 

2*33 

III 

1-8 

54-3 

11-67 

4 

3-73 

1-37 

97*9 

2 64 

I-I 5 

2*1 

55-1 

11-40 

5 

473 

1*59 

97*0 

3*19 

1-25 

3-0 

547 

12-72 

6 

602 

178 

95-4 

3-52 

1-31 

4-6 

57-8 

11*54 

7 

7-15 

2-12 

94*4 

4-00 

1*25 

5-6 

6 o -2 

i 6-75 


* On 10-20 mesh coal. 


The total cleaned coal contained 5*30 per cent, of ash. The size 
of the various fractions is recorded in Table 115. 


Table 115. — Size Analyses of the Products from the Different 
Cells of a Froth-Floi aiion Plant 


Screen Mesh. 




Cell No. 

* 



I. 

2. 

3. 

4- 

5 - 

6 . 

7. 

> 10 . 






07 

3-1 

8-9 

13-6 

10-20 . 

3*0 

3-9 

12-2 

20-7 

424 

51*7 

55*4 

20-60 . 

33*7 

37-6 

48-() 

46-0 

35-5 

27 0 

20*9 

60-100 

187 

17-0 

13-9 

10-6 

5-2 

3*1 

3*2 

< 100 

446 

41-5 

25-9 

22-0 

13-8 

9-3 

6*9 


It will be observed that the sulphur content of the material of 
S.G. >1*6 in all the fractions is high, showing that the .small amount 
of dirt remaining in each fraction includes a large proportion of 
pyrites. ‘'Another point of interest is the gradually increasing size 
of the coal floated in successive cells, showing that the influence of 
gravity is not unimportant, even in a froth-flotation process. 
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The costs of crushing the coal so as to pass through in. screen 
were found to be much higher than was anticipated, since the bars 
of the Carr crusher wore out more rapidly when crushing dry coal 
before washing than in the customary procedure of crushing after 
washing. This increased cost was obviated by crushing the coal less 
drastically and then screening over a J in. screen, the undersize 
being then treated in the froth-flotation plant. In this washer, only 
the coal up to 10 mesh size was recovered, the 10 mesh to J in. gize 
coal passing away with the dirt, which was then screened over a 
20 mesh screen and the oversize cleaned separately on a PIat -0 
concentrating table to recover the coarse coal. In this way the 
crushing and screening costs were reduced to the same level as when 
crushing was carried out after washing in the normal coke-oven 
practice. 

Further interesting results of the use of froth flotation for coal 
cleaning are recorded by W. Guider {Joiirn. Soc. Chem. Ind., 1927, 
46, 238). His results were obtained with the concentrated slurry 
from the conical settling tank of a Baum washer. An analysis of 
the coal used is recorded in Table 116. 


Table 116 . — Analysis of Raw Coal Fed to Baum 
Washeky 


Size 

Per cent, by | 

“ l^ure ” Coal 

Middlings 

Dirt 

(m.). 

weight. 

< T-35S.C;. 

1 •35-1*60 S.G. 

> t-OoS.G. 

2^-1 

28-0 

20*9 

2-5 

4-6 

1-J 

19-0 

I4-I 

1-9 

3-0 


25-0 

17-1 1 

3-2 

47 


15*0 

10-6 

1-5 

2-9 

1 _ i 

10 2 0 

3-6 

2-2 

0-3 

!•! 

< •.’n 

9.4 

5-1 

17 

2-6 

Total 

100 *0 

70*0 

ll-l 

18-9 


From these results it might be considered that the coal was not 
more difficult to wash than most coals, and this is borne out by the 
fact that the fine washed coal through 7^ in.* contained about 
67 per cent, of ash before the slurry was added to it. Th(x results 
were, however, entirely modified by the characteristics of the shale 
associated with the coal and which readily disintegrated in water 
and tended to form a clay slip. Thus the quantity of very fine 
dirt which was formed in the wash water was much mofe than 

* The fine coal was screened from the coal before washing and treated directly 
in one wash-box. This practice did not fallow the orthodox Baum method of first 
passing it through the primary box and then rewashing it.* • • 
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would be expected from the preliminary float and sink analysis. 
For example, it was found in practice that, two days after 
commencing with clean water, the water leaving the cleaned product 
during dewatering contained 16 per cent, of solids with an ash 
content of about 30 per cent. The slurry from the settling tank 
after dewatering contained 14*4 per cent, of ash, and was sufficient 
in quantity to raise the ash content of the washed coal to 10 per 
cent. Moreover, the sludge which settled to the bottopi of the 
settling tank overnight, and which was withdrawn every morning, 
contained about 30 per cent, of ash. It is interesting to note that, 
of this sludge, about 20 per cent, by weight was less than in. 
size, and contained about 65 per cent, of ash, and appears to have 
consisted entirely of disintegrated shale. In addition to the con- 
tamination of the washed coal, the specific gravity of the washcry 
water rose to i-i, and reduced the efficiency of washing. 

Referring to Table 116, it will be observed that the raw coal 
contained 37 per cent, of material less than jL in. size which sank 
in a liquid of S.G. i-6o, and probably had an ash content of about 
6 g per cent. With a feed of 80 tons of coal per hour, it would be 
nece.ssary to remove from the washer the 3 tons of this fine dirt 
which entered with the raw coal per hour, in addition to the con- 
siderable quantities resulting from the disintegration of the shale 
when in contact with water. To run this material to waste from 
the slurry dewatering screen was considered to be undesirable, 
owing to the quantity of coal which would also be lost (about 
5 tons per hour). A Minerals Separation plant was therefore 
installed to treat the slurry from the settling tank. 

The plant comprised six cells with a capacity of 25 tons per hour. 
The feed was raised from the base of the settling tank to the flotation 
unit by an injector using fresh water. The feed contaiiKjd 25*6 per 
cent, of solids in suspension, with the following composition 
(Table 117) : — 


Table 117. — Composition of Feed to Froth-Flotation 

Plant 


Size 

(in.). 

Per cent, 
by wcMght. 

< 1-35 SG. 

W35-1 ()0 S.G 

> 1 -Oo S.G. 

- ' - - 

— 




> 1 

1-8 

1*6 

0*2 

— 

4 “D) 

8-2 

6.() 

J-2 

0-4 

1 - u 1 

JO 2 0 

8-7 

6-7 

1-3 

0-7 

< 

81 -3 

46-3 

18-7 

16-3 

Total 

. • 

100*0 

61-2 

t 

21*2 

J 7-4 

i 
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The material over in. size (10 per cent, of the feed), which 
could not be floated in the Minerals Separation plant, appeared in the 
refuse, and was removed by passing it over a wedge- wire screen, 
the oversize being added to the fines wash-box of the Baum washer. 
The undersize passed to waste and had the following composition 
(Table 118) 

I'ABLE 118. — Composition of Refuse from Froth- 
Flotation Plant 


Size 

(in.). 

Per ccMit. 
by ’Weight. 

< j -35 S.G. 

1-35-1 *60 S.G. 

> i-6oS.(E 

1 

' 1 0 

1-6 

I-O 

0-3 

0-3 

.1 _ J _ 

10 20 

4-2 

1-4 

1-4 

1-4 

' 20 

94-2 

3-4 

7-9 

82-9 

I'otal 

100-0 

5 -« 

9-6 

84-6 


The refuse therefore contained nearly 6 per cent of pure 
('oal and 10 per cent, of middlings, but it should be remembered 
that this is calculated on the rej(;ct from the froth-flotation plant. 
When calculated on the feed to the flotation plant the loss is approxi- 
mately I per cent., and only o*i per cent, of the total feed to the 
wasliery. The composition of the concentrate is recorded in 
Table iig. 

Table 119. — Composition of Recovered Coal from 
Froth-Flotation Plant 


Size 

(in.) 

Per cent, 
by weight. 

<1-35 S.G. 

1 35 -l uo S.G. 

> i (.o S.G. 

> 

5-0 

4-5 

0-5 



J L 

0 (! ( » 

38-0 

33-5 

4-0 

0-3 

< 7 i\, 

57-0 

370 

15-0 

5-0 

Total 

lOO-O 

75-0 

19-8 

5-5 

m 


The ash content of the concentrate was 6 per cent. ‘and its water 
content 50 per cent. The dirt remaining amounted to 5-5 per cent., 
but this was of very small size, and may have come from the dirty* 
water with which the coal was cc^taminated. 

Cresylic acid was at first used in quantities of 1*04 lb. pef 4 :on 
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of recovered coal with 1*03 lb. of creosote oil in addition, the cost 
of the reagents being y 2 d, per ton of recovered coal. Later, the 
use of cresylic acid was abandoned, and the amount of creosote oil 
was increased to 27 lb., with 0*3 lb. of gas oil, and, finally, 17 lb. 
of creosote oil only was used at a cost of 1-5^. The total costs 
were given as being (per ton of recovered coal) : — 


Interest on capital (5 per cent.) 

Pence 

5-60 

Depreciation (7 per cent.) 

7-84 

Royalty ..... 

4-00 

Power. ..... 

3 -S 4 

Wages (one man) 

■ 1-85 

Reagents ..... 

1-50 

Total ..... 

247 


The increased cost per ton of slack (through \ in.) was stated 
to be 6-ii., but this cost is higher than has been experienced else- 
where. 

The benefits of applying froth flotation were slated to be that 
a washed slack of 6 per cent, ash content was regularly obtained, 
and that the larger sizes were not contaminated by dirty washing 
water. The sludge was no longer withdrawn periodically from the 
settling tank after standing ovcTnight, and an additional 30 tons of 
coal per week were recovered. The disadvantage was that the 
wa.shed coal retained 18 per cent, of water, and it was found to be 
impossible to dewater the froth-flotation concentrate on an ordinary 
wedge-wire screen. 

In considering these results, it should be borne in mind that fine 
coal, as treated in froth-flotation practice, contains fewer inter- 
stratified particles than the larger sizes of coal treated by other 
processes. One would therefore expect to find that froth flotation 
could give a greater operating efficiency than other processes, but 
this scarcely appears to be the case, probably on account of 
mechanical entanglement of dirt in the washed coal due to the 
large number of particles treated, or because of the presence of 
fine suspended dirt particles in the water that remains admixed 
with the concentrate in equal proportions when it leaves the flotation 
plant. Nevertheless, froth-flotation methods are a valuable addition 
to those* which can be used for the cleaning of coal, in particular 
for the finer sizes of coal which are inevitably produced in mining 
operations. • 


PROCESSES 

A number of designs of froth-flptation plant have been proposed, 
but ft will be sufficient only to describe the principal ones. 
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The Minerals Separation Plant. — ten-box froth-flotation 
plant of Minerals Separation Ltd. is illustrated in Fig. 180. Each 
box consists of a mixing cell (in which a paddle causes the necessary 
agitation for mixing the feed with the reagents, and the entrainment 
of air) and a froth cell (in which the necessary quiescent conditions 
are produced for the froth to rise to the surface of the cell, and 
overflow). A section through two boxes and a cross-section through 
an agitation and a froth cell, are shown in Fig. 181. The cgal, 
crushed to a size less than in., is mixed with four to five parts of 
water, and is admitted to the agitation cell of the first box, where 
the reagents are added. The agitated and aerated mixture then 
passes to the corresponding froth cell, where the first froth is 
collected. The residue passes from the bottom of the first froth 
cell, through a circulating pipe to the agitation cell of the second 



Fig. i<Si. — Minerals Separation Plant : Longitudinal and Cross-section, 

box, and the residue from the second cell is similarly transferred to 
the third cell, and so on until the last cell is reached. The apparatus 
is usually constructed chiefly of wood. The paddles of the different 
cells are keyed to ‘vertical spindles driven through bevel gearing 
by a shaft mounted rigidly on a strong framework above the agita- 
tion cells. At the discharge end of the circulating pipe, a valve, 
controlk'xl by a handwheel, is fitted to regulate the rate of flow 
through the plant. 

The frothing agent first added may be cresol in amounts varying 
from i to 5 lb. per ton of coal, and, with an unstabilised froth, the 
cleanest coal may be recovered. By the addition, at a suitable 
later stage, of a stabilising agent (neutral oil) in amounts similar to 
those used for the frothing agent, the middlings mly be recovered 
in a stabilised froth . 

The cleaned coal contains up to 50 per cent, of water, and in one 
instance even on drainage for a fortnight the water content was only 
reduced to about 35 per cent. (Ha^ison, Proc. Cleveland Inst. Eng., 
1922, p. 26). The drainage of the washed coal has proved to bec^ne 



430 


THE CLEANING OF COAL 


of the most serious stumbling-blocks in the use of the froth-flotation 
process for coal, and is discussed separately in a later chapter. It 
may be said, however, that ordinary dewatering or drainage methods 
have not proved adequate. Centrifugal separators are not much more 
satisfactory, and the u.se of filters {e.g, the Oliver) is expensive and 
not wholly satisfactory. It would appear that the only reliable 
methods are to remove the water by heat or to make use of the 
preferential wetting of coal by oil by displacing the water* from the 
particle surfaces, followed by a pressure or suction treatment to 
remove the loosely-entangled water from the coal mass. 

The capacity of the Minerals Separation plants is only small. 
Jhe smallest plant has a capacity of 5 tons per hour and the largest 
25 to 40 tons per hour. The power requirements for a 25 tons per 
hour plant are about 
50 h.p., or 2 h.p. per 
ton. Thirty-six 
Minerals Separation 
plants have been 
installed for coal 
cleaning with capa- 
cities varying from 5 
to 30 tons per hour. 

Of these plants, 14 
have been erected in 
Spain, 12 in Germany, 

2 in Belgium, i in 
France, and 7 in 
Great Britain. Those 
in Great Britain are 
situated at Teams 
and Randolph, Dur- 
ham ; Bargoed and 
Aberaman, South Wales ; Low I.aithes, ^'orkshire ; Clifton, I.an- 
cashire ; and Carron, Scotland. 

The Kleinbentinck Plant. — The Kleinbentinck apparatus is used 
at a number of the collieries of the Dutch State mines and elsewhere. 
Each unit, as shown in Fig. 182, includes a mixing and a frothing 
chamber, both made of metal. It consists of an outer chamber or 
pan in the shape of an inverted truncated cone 0-5 metre (i ft. 7I in.) 
high and metres (5 ft 10 J in.) diameter. at the top. A second 
chamber (or bell) of truncated cone .shape is centrally disposed in the 
outer chamber and contains a screw, b, driven by a pulley, A, at a 
speed of 500 revs, per min. The small coal (slurry) is admitted to 
the inn(?r mixing chamber, or bell, through the pipe, a, and the oil 
•is added at the top of the bell. The materials are thoroughly mixed 
in the bell, and, together with entrained air, pass through holes 
dispTosed close to the base of the bell into the outer frothing chamber. 
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At about half the height of the outer chamber an annular 6 mm. 
(J in.) screen is fixed horizontally to ensure quiescent conditions 
in the space above it. 1'hc frothed material passes through the 
screen and is scraped off mechanically into an annular launder, e. 
The non-floating material returns through a series of 25 mm. (i in.) 
openings, g, to the bell, where it is reagitated. Finally, the refuse 
is withdrawn through the exit, /. By controlling the admission 
of the feed, the material already in the apparatus may be circulated 
a number of times. Alternatively, the iinfloated material may be 
re-treated in further units. 

According to the inventor, Klcinbentinck, the chief engineer of 
the Dutch State mines, the power requirements are 27 h.p. per ton 
(Berthelot, Soc. d’Enc. pour ITnd. Nat., 1925, 124, 48). The 
oil used is a mixture of i part of naphthalene oil and 2 parts of 
anthracene oil from tar distillation, to the extent of about i| lb. per 
ton of slurry. At the Emma colliery of the Dutch State mines, the 



J-'k;. 183. — Arrangemcnltif KlcinbentinckUnits at Emma Collk-ry, Dutch State Mines. 


raw slurry has an ash content of about 25 per cent. ; the froth from 
the first unit has an ash content of 8*5 per cent., and that from the 
second 7-0 per cent., the combined residues having 36 to 40 per 
cent, of ash. On re washing this material, a product containing 
10 to 12 per cent, of ash is obtained, leaving a residue with an ash 
content of 57 per cent. At the colliery named, the Kleinbentinck 
units are arranged as .shown in Fig. 183. Six units are used to treat 
12 to 15 tons of slurry per hour. The apparatus used to scrape off 
the froth is also illustrated. It consists of a crown, B, composed of 
four arms moving on rollers round the periphery of the outer pan, at a 
speed of i*2 revs, per min. 

At Anichc Colliery, France, there are two Kleinbentinck sets, 
each of three units, each set being capable of dealing with 15 tons 
of slurry of o to i mm. (./r, in.) size, per hour. Another set 4)f three 
units is used for rewashing (Sauvet, Rev. Ind. Min., 1926, 136, 355)- 
At Aniche the slurry was successfully treated in three sets, the power 
requirements, for the gross throughput of 15 tons per hou^, being 
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36 h.p. for the six washers and 24 h.p. for the rewashers, or 4 h.p. 
per ton-hour. A further 25 to 30 h.p. was used for the feed pump. 
I'he first three washers gave a floated product of 7*5 per cent, ash, 
the second three a product containing ii per cent, ash, or a mixed 
product of 8-8 per cent, ash content. The rewashing apparatus 
is adjusted to give a floated product of 18 per cent. ash. The oil 
used is a tar oil (230 deg. to 270 deg. Cent, distillate) the amounts 
used being 18 lb. in the first three washers, and 6 to 9 !b. in the 
rewashing units, a total of 24 to 27 lb., or i-6 to i-8 lb. per ton of 
slurry. 

The Ekof (Grondal) Plant. — The German process of the Erz 
and Kohlen-Flotation (Ekof), working the patents of Grondal, uses 
compressed air for agitation and aeration, in place of the mechanical 
means used in other processes. Fig. 184 illustrates an Ekof plant 
consisting of five cells. Compressed air is admitted from the pipe, b, 



to each unit through suitable valves, the air discharging into the 
bottom of each chamber, which is narrowed to produce a greater 
degree of agitation. The raw coal, previously mixed with the oil, 
is admitted at a, and passes through openings in the partitions 
between adjacent chambers, until the residue is finally discharged 
through the valve, e. The froth overflows from the top of each 
unit to collecting launders, d. 

An Ekof plant is in operation at Mont Cenis Colliery, Westphalia, 
where, as previously noted, 5 tons oi slurry containing 25 to 30 
per cent, of ash are washed per hour, yielding 50 per cent, of a product 
with 7*5 per cent, of ash, 24 per cent, of middlings, with 14-5 i)er 
cent, of ash, and a residue of 26 per cent, containing 75 per cent, of 
ash. Twelve cells are used ; the first six produce coal for coking, and 
the second six, the middlings fraction for boiler firing. The products 
are dewatered on jigging screens with a bed of fine coal. Air is 
supplied at a pressure of about 4 lb. per sq. in., and according to 
Berthelot {loc. cit), 600 cu. m. (21,300 cu. ft.) are used per hour for a 
quantity of 5 tons of coal. 

The Ekof plant was the first froth-flotation apparatus to be built 
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pfit of 12 tons of raw slurry per hour, the power used was 50 h.p., 
or 4*2 h.p. per ton-hour. 

The Callow Plant.— The Callow plant was first devised in 
1914 by J. M. Callow, and was used by the Miami Company in America 
for the concentration of copper 
ores. The process is pneumatic, 
like the Ekof, the air being 
forced under pressure through 
the canvas bottom of the cells, 
to which the oiled pulp is 
admitted. A Callow plant is 
illustrated in Fig. 185. 

The Humbolck Plant. — 

The Humboldt apparatus is 
illustrated in Fig. 186. Each 
unit consists of a mixing cham- 
ber and a froth chamber. 

Instead of using a paddle for 
agitation and circulation, a 
pump, a, is used, communicat- 
ing both with the mixing 
chamber, through the pipe, c, 
and the frothing chamber, e. 

Compressed air is also supplied 
through the pipe, 6, to the 
mixing chamber, where impingement on the plate, i, controlled by 
a handwheel, produces suitable agitation. The mixed material is 
forced into the frothing chamber from which the froth overflows 
at /. The unfloated material is drawn back into the mixing chamber 
for further agitation . • 
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The Copp6e Plant. — The Coppec apparatus, illustrated in 
Fig. 187, consists of a mixing chamber, 2, and a frothing chamber, 7. 



187. — The Coppee Froth-Flotation Plant. 


"J'lie coa], together with tlie water and oil, is admitted to the mixing 
chamber through the pipe, i, and compressed air is forced in through 



Fig. 1 88. — The Electro-Osmose Froth- 
l*'lotation Ihiit. 


through the pipe, 14, fitted with 


a series of pipes inclined so 
as to produce suitable agita- 
tion. 1'he well -mixed feed then 
enters the frothing chamber, 
7, which is divided into a 
number of compartments, 8, 
by partitions which allow inter- 
communication at the bottom 
of the chamber. Compressed 
air is admitted to each com- 
partment through the cocks, 
TO, and the froths are collected 
by projections from an end- 
less* belt into a launder, 12. 
The bottom of the frothing 
chamber is stepped to enable 
the residue from each com- 
partment to pass to succeed- 
ing compartments, the final 
residue being discharged 
control valve. 


The Elektro- Osmose Plant.— The Elektro-Osmose apparatus, 
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illustrated in Fig. i88, consists of a simple cylindrical vessel to which 
the feed, admixed with water and oil, is admitted at a, and com- 
pressed air is blown in at h. A rotating mixer, c, entraps the coal 
and air and permits agitation before the discharge of the materials 
into the upper cylinder, where the plates / are fitted to ensure more 
quiescent conditions. The froth overflows at e, and the residue at 
Thau {Stahl und Eisen, 1922, 42, 1155) records that, in the 
experimental plant of the Elektro-Osmose-Kohlenveredlung-Gesell- 
schaft (Electro-Osmose Coal Purification Company), of Gelsenkirchen, 
Westphalia, over 100 samples of slurry from the Ruhr-Westphalian 
coalfield have been tested. He also records results, reproduced in 
Tabic 120, to show the progressive purification in successive units. 


Table 120. — Purification of Slurry in Electro-Osmose Plant 





Ash per cent, in Products. 


Dc'scnption. 

Raw 

Slurry. 

Ash 

isl Unit. 

2nd Unit. 

3rd Unit. 


per cent. 

Float- 

Resi- 

Float- 

Resi- 

Float- 

Resi- 



itigs. 

due. 

ings. 

due. 

mgs. 

due. 

Alma . 

18-56 

7-64 

84-66 

5-10 

50-00 

5*00 

55-42 

Mollerschacte 

17-02 

9 * 3 ^ 

80-24 

7 * 3 <^ 

81 -60 

5-50 

76-72 

Mont Cenis . 
Langenbrahn 

28-05 

14-72 

84-24 

10-36 

67-00 

7OQ 

48-82 

(anthracite) 

1278 

4-20 

5364 

3-20 

38-62 

I -60 

68-26 


With the Mdllcrschacte sample, the sulphur content of the slurry 
was reduced from 1-63 to 1-19 per cent., leaving 5-10 per cent, of 
sulphur in the refuse ; with the Mont Cenis sample, the figures were 
1-22, I -10 and 2-25 per cent, respectively. 

The Elmore Plant. — The Elmore vacuum-flotation apparatus 
was one of the earliest appliances used for the concentration of ores 
by flotation. It has not, so far as we know, been applied to the 
cleaning of coal on a commercial scale, but a number of coals have 
been tested in an experimental plant. 

The results of two tests are recorded in Table 121. 

In the latest plant the design has been altered ffom the simpler 
apparatus originally used for concentrating mineral ores by flotation, 
which is illustrated in Fig. 189. It consisted of a mixing ch^iber, c, 
to which the feed was admitted at a, and the oil at b. The paddle* 
in the mixer revolved at a speed ^f 30 to 40 revs, per minute. The 
mixture was then drawn into the cone chamber, e, by meanc.of 
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Table 121. — Purification of Fine Coal in Experimental 
Vacuum-Flotation Plant 



Ash per cent. 


Description. 

— 



Raw Coal. Clean Coal. 

Refuse. 

Scotch slurry 

15-4 4-2 

58-5 

Kent coal . 

8-8 3-8 

56-0 


a pump, and, at the reduced pressure in this vessel, air dissolved in 
the water was liberated in bubbles which carried the coal to the top 
of the cone, where it overflowed down a siphon tube, g. The refuse 
was siphoned off through the pipe A. The cone was 4 to 5 ft. dia- 
meter, and the feed pipe about 27 ft. long. In one plant 2*5 h.p. 
was used for the pump, cone-separator, and mixer. 

The new form of apparatus 
used is illustrated in Fig. 190. 
Compared with the earlier plant, 
the cone separator has been 
modified, and a double cone, a 
and ?>, is now used. The upper 
cone may be regarded as the coal 
cone, and the lower one as the 
dirt cone. To the widest portion 
of this double cone, the coal, 
after admixture and agitation with 
oil, is now admitted from the 
hopper, w, through an expanding 
pipe, u. In the earlier apparatus 
(in which the feed pipe was quite 
narrow) it was found that the 
velocity in the feed pipe was too 
great. As the pulp rose in the 
feed pipe the pressure progres- 
sively decreased, thus causing 
libera'tion of the dissolved gases 
and their expansion in the pulp. 
The turbulent motion produced tended to detach air bubbles from 
the larger particles of coal which, therefore, sank and were rejected 
with the dirt. In the new plant a wide feed pipe is used and the 
expanding discharge compensates for the increasing volume of the 
air bubbles as the pressure is reduced. A fairly constant velocity is 
therefore maintained until the coal is discharged into the cone. 

The coal particles are carried J-o the throat, c, of the upper cone 
and* overflow into the launder, d, from which they are removed 



w 


Fig. J89. — The Hlinorc Vacuum- 
Flotation Plant : Early Form. 
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through the siphon pipe, g, to the seal, h. The dirt particles, from 
which air bubbles are readily removed, sink in the lower cone. The 
feed pipe, w, is fitted with a number of concentric rings, x, between 
the spaces of which the heaviest dirt particles settle at once outside 
the feed pipe to the lower (dirt) cone. This immediate removal of 
the heaviest dirt particles from the coal cone reduces the danger of 
collision between coal and dirt particles which might cause the 
buoyant air bubbles to be detached from the coal particles. Water 
admitted under pressure in a tan- 
gential direction from the nozzle, z, 
imparts a rotary movement to the 
refuse in the low^er cone, to 
enable residual coal particles to rise 
without contact with dirt particles. 

The rotary movement of the water 
in the lower cone, a, is not imparted 
to the main body of the flotation 
froth through the intervention of 
stationary baffles fixed radially 
between the rings, x, and the sides 
of the cone separator. The sepa- 
rated dirt settles in the pipe, k, on 
to the clack valve, m, which is 
operated by a lever, o, connected 
with a hinged lever, r, by the rope, q. 

The valve is actuated by the rotation 
of the cam, t, the amount of opening 
being governed by the turn-buckle, 

The opening of the valve releases 
the dirt into the seal, /, and also 
gives a pulsation inside the upper 
vessel, ab, and facilitates the free 
and continuous discharge of the coal 
through the throat, c. 

With some coals a voluminous 
froth tends to reduce the capacity of 
the appliance because of its slow 
discharge through the pipe, g. The 
velocity of discharge in such event is increased by admitting water 
under pressure through the jet, i. 

The vacuum is applied from a vacuum pump through tl\e pipe, e, 
at the top of the separating cone. 

The new Elmore vacuum-flotation appliance therefore pays 
particular attention to removing all factors of design which tend to 
induce turbulent motion in the feed pulp. A turbulent motion 
tends to remove the air bubbles from large coal particles, and wherf 
turbulence is avoided, the size oi coal floated may be considerably 
increased. The rotary currents and air admission in the lowei^cone 



lyo. — 'I'lio Klmorc Vacuum- 
Flotation Plant : l.atest Form. 
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also give any settled coal another chance to float. It has been found 
under the new conditions that coal up to yV, in. size may be floated. 
This is much larger material than can be floated by any other froth- 
flotation process and confers a great advantage to the one under 
consideration. 'I'he effect of the presence of larger coal particles in 
the floated coal is that the moisture content can be considerably 
reduced, thus again removing one of the particular drawbacks of 
froth-flotation practice. 

It is an easy matter to apply a vacuum from the pump to the 
recovered coal and to reduce the moisture considerably by this 
treatment. The use of a comparatively small suction to wet coal 
effects a greater removal of water than the application of considerable 
pressures, and with the expenditure of considerably less power. 

One of the advantages of the Elmore flotation process is that the 
power requirements are very low, since none is required for agitation 
and for the entrainment and distribution of air bubbles. Power for 
these purposes is required in most other froth-flotation processes. 
Only a small power expenditure is necessary to produce a vacuum 
and to mix the oil with the feed. To this important factor must be 
added the greater size of coal which may be treated, and the possi- 
bility of water reduction by the application of suction. 



CHAPTER XXIII 


MISCELLANEOUS COAL WASHING PROCESSES 

Many washers, the Baum and Rheolaveur, for example, are 
designed to handle large quantities of coal, and, with throughputs of 
over, say, 50 tons per hour their power consumptions fall within 
reasonable limits. Such washers are, however, not readily adapt- 
able for small outputs, and in such circumstances simpler types of 
washers may be preferred. For example, at Cowpen Colliery, 
Durham, the slack used for boiler firing contained from 25 to 30 per 
cent, of ash and had a low calorific value, so that it was frequently 
difficult to maintain the necessary pressure of steam with such a 
fuel, particularly during the long operation of clinkering. A Hoyle 
washer of about 20 tons per hour capacity was erected to wash this 
coal, and the results proved most satisfactory. The washing of 
coal for beehive coke manufacture, or of a wsmall quantity of a special 
brand of coal, or of the products of very small collierie.'^, are further 
examples for which a cheap washer of low capacity is required. The 
capital and running costs should both be low in such cases. Some 
washers which arc suitable under .such circumstances have already 
been described, for example, the Robinson, the Blackett and the 
Elliott. Certain concentrating tables are also suitable for the 
purpose. Other washers of this class, as well as certain Continental 
and American washers, are described in this chapter. 

THE GREAVES WASHER 

The Greaves nut-washer is a movable-sieve jig, consisting of 
a steel tank of prismatic shape, in which a cradle forming the 
wash-box is supported from a lever with its fulcrum at one end of 
the outer steel tank. The wash-box has a screen plate on which 
the bed forms and is enclosed by steel plates forming the sides 
of the box. A cam-shaft fitted with two cams revolves in an 
oil box, supported on the outer steel tank. By the revolution of 
the cam-shaft the cams intermittently depress the free end of the 
lever to which the wash-box is supported, and the raw co^J fed to 
the box through a shoot is subjected to pulsations, by the move- 
ment of the screen plate through the water in the outer tank. The 
violence of the pulsations is greatest at the feed end of the wash- 
box and decreases in intensity as the feed passes over tht; screen 
towards the discharge end of the box. The upper la3Xirs of clean coal • 
in the bed flow over a weir, into th» buckets of a scoop drainage wheel 
or ui a small elevator, from which the drained coal is discharged Into 
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a shoot, the drainage water flowing back into the outer tank. The 
dirt settles on to the inclined screen plate and moves towards a 
refuse-discharge gate. The refuse-discharge gate is formed by a 
section of the screen plate being hinged in the middle to a fixed 
support below it. The hinge is extended to form a lever, to the other 
end of which a balance weight is attached and projects above the 
level of the top of the wash-box. The balance weight is adjusted to 
keep the refuse gate closed when the bed is light, but when sufficient 
dirt accumulates on it, the gate is opened automatically and the 
refuse is discharged into the outer tank. From here the refuse is 
removed by a scraper elevator. 

The washer fulfils the requirements of simplicity of design and, 
since there is no external water circulation, no power is absorbed by 
circulating water pumps. With a suitable design of the cams, the 
upward water current through the bed (during the downward move- 
ment of the screen plate) can be made to occupy a longer time than 
the downward water current and the harmful effects of suction art? 
minimised. 

One unit is of 15 to 20 tons per hour capacity. It is customary to 
divide the coal before washing into such fractions as 4 to 2 in. and 
2 to I in. 

In the Greaves slack washer the design is the same as in the nut- 
coal washer, except that the washed coal is removed from the box 
by an unperforated scoop wheel and is discharged into a tank along- 
side the wash-box. In this tank tlie washed coal settles and is 
removed by means of a scraper elevator. An overflow pipe in this 
settling tank returns the clearer water from the upper levels to the 
outer tank of the wMsher. 

The simplicity of design and the low power consumptions have 
recommended themselves to many users, and ov/?r 150 washers have 
been erected in Great Britain, with a total hourly capacity of 
4,750 tons. 

THE HOYLE WASHER 

The Hoyle washer, illustrated in Fig. 191, is a jig of unusual 
construction. It consists of a tank divided into two compartments, 
of which one is the washing section and the other is a settling tank 
or washed-coal sump. The juxtaposition of these two sections 
makes the washer compact and renders the use of a circulating pump 
unnecessary. The washing compartment. A, has a sieve or grid plate, 
C, which is hinged at one side, K, and is connected to a lever system, 
M, and balanced by a weight, N. Below the hinged grid plate, a 
plunger, which is hinged at one side, J, is connected at the opposite 
side by a connecting rod, H, to an eccentric of variable stroke, F, 
actuated by a shaft, G. The plunger is given a reciprocating motion 
by rotation of the shaft, G. The plunger is provided with a series 
of valves, E, which open on th6 downstroke and close on the up- 
stroke, thus giving a pulsating water current through the grid, C. 
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Coal is fed to the grid through a shoot, P, and is subjected to a 
jigging motion. The raw coal is classified, the lighter coal particles 
rise to the top of the bed, and the dirt settles to the grid plate, and 
gravitates towards its lower end. When the weight of dirt resting 
on the grid reaches a certain predetermined amount, the grid is 
depressed through the unbalancing of the weight, N, and the dirt 
is evacuated into the lower dirt compartment. Here it is collected 
by the screw, U, into the scraper elevator, V, for discharge. 

The coal from the top of the bed is carried by the water stream 
over the adjustable weir, S, into the second compartment, B, where 
it settles. The washed coal is removed from the settling sump by 
the scraper elevator, T, which drags the coal over a drainage screen. 



X, s('t at a height which allows the drainage water to flow back to the 
settling tank by gravity. The drained coal is then loaded directly 
int(j wagons. Another view of the Hoyle washer, showing the scraper 
elevators, is shown in Fig. 192. 

The simple water circulation is a particular feature of the washer. 
The water in the washing section. A, is forced by the plunger through 
the grid and overflows to the settling tank, where its velocity is 
reduced to allow the coal to settle. From .this tank the water over- 
flows into launders, W, h'ig. 191, at each side of the tank, and returns 
to the underside of the grid. In this simple circulation of water, the 
Hoyle washer resembles the Sheppard nut-coal washer, vdiich has 
a settling compartment adjacent to the washing section. The Hoyle^ 
washer, is, however, used for washing fine coal, and in the Sheppard 
fines washer a pump is used for water circulation. 
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The Hoyle washer is therefore a siiTij)le and ingenious modifica- 
tion of the ordinary jig washer. The dirt is automatically rejected, 
and there is no external water circulation. The working parts are 
few in number and are easily controlled. The power used is small, 
so that it fulfils most of the requirements already specified for a 
washer of low capacity. The standard washer has a capacity of 
15 to 25 tons per hour. The one used at Cowpen Colliery, Durham, 
for washing coal for boiler-firing, deals with material less than I in. 
in size. Float and sink tests on the products gave the figures 
recorded in Table 122. 


Taulk 122. — Results of Washing with a Hoyle Washer 



Raw ('oal. 

Wa.slu'd C'o.il 

< 1-35 S.G 

50-0 

90-0 

> 1-35 S.G 

. 39-2 

9-5 

Loss ..... 

10-8 

0-5 


Allowing for the losses during testing (which in the case of the 
raw coal is an abnormally high figure) the sinkings in the coal were 
reduced from over 40 per cent, to under 10 pcT cent., which would 
probably give an ash content in the WTished coal of iindiT 10 per 
cent. The refu.se contained about 7 per cent, of good coal. This is 
a larger figure than would be permitted to a modern large-capacity 
WTisher, reprei^cntiiig as it does over 2 per cent, of the weight of the 
raw coal treated. Nevertheless, taking into consideration the sim- 
plicity and cheapness of the WTisher, tlie results are satisfactory for 
the purpose, for if the unwashed coal had been usi^d for boiler firing, 
the combustible matter carried away with the large amount of 
clinker which would be formed would be several times greater than 
the loss sustained in washing. 

Further results were given by Drakelt'y [Trans. Inst. Min Eng., 
191Q-20, 59, 71), and are recorded in Table 123 : — 


Table 123. 

Results of Washing ^=5. in. to o Coal in Hoyle Washer 


Ash per cent. 
Floatings in 1-35 S.G. 


Raw Coal. 


W^ishfd C'oal. 


Rcliiso. 


237 

65-6 


57 

91-3 


66-4 

7 -() 




\J(t Jute pa^e ^ 4 ?, 
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These ligures also show a fairly high loss of coal in the refuse. 

The Hoyle washer is also used for cinder washing — for example, 
at the Sheffield municipal household-refuse handling plant, where 
different grades of refuse are washed, and the recovered cinders are 
used for steam-raising or are briquetted and sold as a low-grade 
fuel. 


THE NOTANOS WASHER 

'rhe Notanos washer employs a current of water down an inclined 
plane, and may be regarded as a concentrating table in that it has a 
partly riffled deck which is given an oscillating movement. Its 
length is, however, much greater than that of the usual type of con- 
centrating table, so that it also resembles a trough washer in many 
respects. The washer is illustrated in Fig. 193. It consists of a long 
watertight steel trough built up of steel plates, angles and tees. The 
trough is slightly inclined to the horizontal, and is carried on chilled 


A 



cast-iron rollers suj^ported on channel-steel stools, the iollers being 
held in ])osition by steel spindles coupled together by springs. The 
trough is actuated %y means of Marcus gear. In the Marcus 
motion, the acceleration is almost uniform during the greater part 
of the forward stroke, so that the velocity reach(^s a maximum at a 
l)oint near the end of the stroke. The velocity then falls suddenly 
until the motion is arrested. During the return stroke, the velocity 
rises rapidly to the same maximum as during the forward stroke, 
and is then gradually retarded until the motion is reversed. By 
reason of the momentum gained during the accelerating i)eriod of the 
forward .stroke, the material near the surface of the trougli continues 
to move forward during the greater i)art of the return stroke, so that 
movement in one direction is almost continuous. With the use of 
this mechanism for conveyors, a longer strpke (12 in.) and a* slower 
speed of revolution (65 r.p.m.) are used than in most other types of 
oscillating conveyor. 

In the washer illustrated in Fig. 193 the raw coal is led om to the 
perforated tray, B, through which the undersize, through | in., 
passes, and the larger coal pas.ses q^ver the end, at C, on to the riffled 
washing Surface, D. Here the coal meets a supply of water fjcun 
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the pipes, E, which is so regulated that the lighter coal particles 
are washed over the riffled surface and are carried over the adjust- 
able weir, H, on to a draining sieve, which is oscillated by the same 
motion as the trough. The excess water passes to a launder and the 
washed coal to a shoot. The dirt falls to the floor of the riffled deck 
and is carried by the motion of the washer to the upper end of the 
trough, which is not riffled. The oscillation of the deck enables 
cgal particles which may be entangled with the dirt, to be freed, and 
the current of water passing down the deck carries them towards 
the coal-discharge end. 

The undersize coal falls to the upper part of the washing trough, 
where it encounters gentler currents of water from the pipes, E. 
The coal is carried to the lower end of the trough, H, and the dirt in 
the opposite direction. The power necessary when washing coal 
is said to be o*8 h.p. per ton. 

Although the washer illustrated can deal with both the nut and 
line sizes of coal in the same trough, it is more usual to use a separate 
unit for each size. The different units in such a lay-out are placed 
side by side and are driven from the same shaft, but the length of the 
strokes are adjusted to suit the sizes of coal. A differential water 
supply for different sections of the trough is then unnecessary and 
each trough is supplied with a specified water current. 

Details of the capacity and power consumptions of the Notanos 
washer are recorded in 'labJe 124. 


Table 124. — Details of Notanos Washer 


Width of Trough 

L^ower required 

Capacity 

Water Circulated 

(ft.). 

(h.p.). 

(tons/hour). 

(gallons per minute). 

4 

7-5 

• 

10 

200 

5 

9-0 

15 

290 

6 

12-5 

20 

380 

7 

15-5 

25 

470 


THE MENZIES WASHER 

The Menzies washer (or hydro-separator '), illustrated in 
Fig. 194, was developed recently in America. It is essentially an 
upward-current classifier built of wood, with a simple water- 
circulating system. Raw coal is fed from the shoot, A, and enters the 
separating compartment, C, through the gate, B. An upward water 
current from the pump, T, passes through an inclined screen, H, 
into the separating compartment, C, and carries the lighter particles 
of coal upwards. The coal then* passes through an opening, D, into 
a* subsidiary compartment, E, and by a discharge valve, F, on to a 
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drainage screen, which is totally enclosed. The coal passes over 
the screen into a shoot, but the water passes through the screen and 
is collected in the settling tank, M. Here the slurry settles in the 
spitzkasten, P and Q, and the clearer water is pumped off and 
returned to the separator. The strength of the current supplied 
is adjusted by means of the valve, O. 

The dirt which remains on the inclined screen, H, works its way 
by gravity through the opening, J, and falls into the lower part of 
the subsidiary compartment. Here a scraper elevates it and 
discharges it into a shoot for disposal. The scraper works in a 
compartment full of water, but some drainage is possible above the 
water level. Make-up water is supplied through the pipe, N. The 
silt which collects in the bottom of the separator may be discharged 
through the valve, R, and two silt valves are also fitted to the 
spitzkasten, P and Q. When the refuse scraper jams, the lower 
part of the subsidiary compartment may be cleaned out through 
the valve, S. 

The washer is of very simple design, and in this respect is 
reminiscent of the form in which the Berard washer was introduced 
into England seventy-five years ago, or in which the Sheppard 
washer was built fifty years ago. It is known, however, that 
upward-current washers, if they arc to effect an efficient removal of 
dirt from coal and of coal from refuse, should conform to certain 
simple requirements, namely, the production of uniform water 
currents over the whole area of the washer and the absence of eddy 
currents. Generally a slow and uniform helical current is produced 
in the washer which is made symmetrical about a longitudinal axis, 
a cone, for example. Moreover, it is usually arranged that the 
refuse is subjected to stronger water currents near the bottom of the 
washer to avoid undue loss of coal with the refuse. In the Menzies 
washer, however, the water is pumped in at one side, and the bed 
on the screen is subjected to the full force of the uneven and turbulent 
currents produced. The washing compartment is of irregular shape, 
and the raw coal is fed almost on to the screen. The Menzies 
separator, therefore, does not conform to many of the principles of 
upward-current classification which, as a result of forty years of 
experience with such appliances for coal washing, are considered to 
be desirable. 

'fhe washer is small, light and compact. Its capital and upkeep 
costs are probably low, and it is said to be easy to operate and to 
control. From considerations of its design a high working efficiency 
would not be expected from it, but, nevertheless, it may prove to be 
suitable for use for cleaning coal in a small works for boiler-firing 
purposes. A unit is said to have a capacity of 15 to. 30 tons per 
hour, operating on any size of material from pea to barley (i to J in.), 
3 to 5 h.p. being used by the pump and J h.p. for the* refuse 
conveyor. 
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THE HYDKOTATOR WASHER 

1 'he Hydrotator process of coal cleaning has recently been 
developed in the American anthracite coalfields. Some experiments 
have also been carried out with bituminous coal. The first com- 
mercial plant has been erected at the Middle Creek Colliery, 
Pottsville, Pa. The washer is designed primarily to treat the 
slush or fines produced in washing the larger sizes of anthracite by 
other methods ; the anthracite slush corresponds to the slurry 
produced from bituminous coal and is usually less than in. 
I'he Hydrotator unit is also suggested for use for general slurry 
washing and could be incorporated with existing types of washer 
which deal satisfactorily with larger sizes. 

'I'he Hydrotator unit may be used in three ways, as a thickener 
of the slush or slurry produced by wet washing methods ; as an 

upward-current classifier 
for the slurry ; or as a 
froth-flotation unit. A 
general purpose unit is 
illustrated in Fig. 195. It 
consists of a square wooden 
box with sides 4 ft. long, 
built on a concrete founda- 
tion. The slurry is fed to 
the unit through the feed 
funnel, a, below the quies- 
cent water layer, d. The 
lower limit of the quiescent 
Fic; 105. — Tiie Hydrotator Coli layer is the position of a 

pump-suction pipe with 
openings to remove water at a number of points-across the full width 
of the cell. The water is drawn off by the pump, c, and returned 
to the cell through a delivery pipe which passes through the bottom 
of the compartment. The delivery pipe feeds four branch pipes, set 
at right angles to each other, the water being discharged through a 
number of jets in each branch pipe on to the bottom of the cell. An 
upward water current is therefore produced, acting fairly uniformly 
over the whole area of the cell from the bottom to the level of the 
upper suction pipe. The material which settles to the bottom of 
the cell is continually agitated by the jets. This method of 
producing an upward current is calculated to avoid the production 
of eddies. 

When the cell is working as a thickener, its diameter may be 
increased to.reduce the velocity of the upward current, and the floor 
of the cell may be inclined towards the centre to aid the concentra- 
tion of*the solids at that point. 'Jhe finest particles rise to the level 
of the pump-suction pipe, and, after passing through the pump, are 
discharged on to the bottom of* the tank, where they tend to be 
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trapped by the overlying, thickened solids. The relatively clear 
water overflows at the top for discharge. In anthracite preparation, 
a thickener is first used to concentrate the slush, which initially 



contains only 5 to 10 per cent, of solids. The thickener cell is 
usually worked to remove all particles finer than 100 mesh^in the 
overflowing water, since the coal of this size cannot be recovered by 
the standard upward-current classifier. 
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As an upward-current classifier, a Hydrotator cell is fed with 
thickened slush (which is first screened over a 65-mesh screen if the 
finer sizes are very dirty) and the upward current is adjusted to 
carry the coal particles to an overflow at the top of the cell. Usually 
four cells are worked together, so that the overflow from one cell 
passes to the second one, and so forth (see Fig. 196). It is said that 
most of the recovery of coal takes place in the first cell, and the 
refuse (which may contain 20 per cent, of the recoverable coal) is 
discharged to the tank, i-s, to be pumped to the refuse-cleaning cell. 
Here tlie coal is recovered by an upward current and the refuse is 
discharged from the bottom of the cell. In the second and third 
cells (3 and 4, Fig. 196) the middlings settle out and are circulated to 
the first and second cells (2 and 3) through their respective sumps 
and pump suctions. The final washed coal is passed over a de- 
watering screen of 65 mesh, and the particles smaller than this are 
removed with the water. 

In this adaptation of the Hydrotator cell, the pump suction pipe 
in the upper section of the tank (Fig. 195) is not used, the water 
circulation being effected by allowing some of the water to overflow 
from each cell through a side opening, 6, Fig. 196, to the sump of the 
same cell. In cells 2 and 3, the pumps in the sumps 2-s and 3-s 
therefore deal with the overflow from their own cells and the under- 
flow from the succeeding cells 3 and 4. The overflow is regulated to 
give the desired suspension of solids in the cells. 

For such a plant of four cells, a space 24 ft. by 7 ft. by 13 ft. high 
is required and from 100 to 200 tons of material can be washed per 
eight-hour day. The power requirements are from to 13 h.p. for 
the circulating pumps and de-watering screen. Typical results for 
cleaning anthracite slush in this way are recorded in Table 125. 


Table 125. — Results of Cleaning Anthracite Slush (through 
IN.) IN THE Hydrotator Classifier 



T before W;i sh i ng. 

After WasJiing. 

Size. 


i 



Tyler Mesh. 

Per c enl 

Size. 

Ash 

F’er cent. 

Ash 


bv weight. 

per (.enl . 

by weight. 

per cent. 

' 20 . 


19 9 > 20 . 

12-4 

7*4 

20-48 . 

35*2 

26*3 ; 20-28 . 

40-6 

y8 



! 28-48 . 

20-8 

127 

48-65 . 

9-1 

M-3 1 4^-65 • 

25-2 

20-3 

65-100 . 

7*4 

35-4 1 ^5 • 

1-0 

287 

r 100 . 

33-0 

44-8 , 



Average 


337 


13-0 



i» , 
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The material smaller than 65 mesh is lost during de-watering, 
and in this test the amount so lost comprises 39*4 per cent, of the 
raw material. The material so lost has an ash content of about 
44 per cent., and if the ash content of the rest of the refuse were 
high (over 70 per cent.), the average ash content of the total refuse 
would be much less than the refuse discharged from a Rheolaveur 
slurry washer, for example. 

For the froth flotation of coal, a series of cells is used somewhat 
similar to that employed for upward-current classification. The 
coal is, however, fed to the last unit (4, Fig. 196), and the refuse is 
re-cleaned successively in the preceding units. The reagents are 
added in the pump circuit, to which air is also admitted. The water 
overflow is adjusted to give only sufficient upward current to carry 
over the floated coal, most of the water being discharged with the 
refuse. By controlling the amount ot overflow, a combination of 
upward-current classification and of simple froth-flotation action 
may be used to vary the quality of the product. The usual flotation 
reagent is said to be crude tar oil in amounts of o*i per cent, of the 
weight of the clean coal. The refuse from the flotation unit may be 
crushed if it contains larger particles of coal than can be readily 
floated, and the fine coal produced may be recovered by froth flota- 
tion in the in xt unit (3). In this modification, the fine material 
through 65 mesh is not removed during dewatering and the per- 
centage recovery of coal is therefore greater. The efficiency of 
cleaning is also much high(^r than in the upwaid-current classifier, 
as shown by the results in Table 126 for an anthracite slush, and in 
Table 127 for Alabama bituminous coal. 

Table 126. — Results of (Teaning Anthracite Slush in 
Hydrotator Flotation Unit 


Size 

Weight 

Ash per cent, in 

(Tyler IMesli). 

per cent. 

Washed Product. 

> 20 

12-5 

6-9 

20-48 

45-0 

8-4 

48-65 

II-3 

8-9 

65-100 

12-5 

9-1 

< 100 

187 

ir-3 


Average 

- 87 


Comparing Tables 125 and 126, it will be noted that, whereas 
with upward-current classification only i per cent, of material less 
than 65 mesh was recovered, flotation of the same material yielded 
a recovery of 31-2 per cent, of coal through 65 mesh. Moreover, 
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Table 127. — Results of Cleaning Bituminous Coal in 
Hydrotator Flotation Unit 




i 

1 Ash per cent. 

Size 

Weiglit 




(Tyler Mc.sh). 

per cent. 

In Raw 
Coal. 1 

In LToated 
Coal. 

In Coal 
Cleaned by 
Jig Washer. 

20 

71-5 

19*6 

1-6 

3-9 

20-48 

iq-6 

24-8 

2-8 

II-2 

48-100 

4-8 

28-0 

3-(> 

i6-o 

100-200 

2-5 

29-6 

5-2 

19*2 

200 

1-6 

34-9 

84) 

23-3 

Average 

1 

21-6 

2*2 

6-6 









the mean ash content of the recovered anthracite was 8*7 per cent, 
compared with 13 per cent, by upward-current classification. 'I'he 
ash in the coarsc'st size of clean coal was only 6*() per cent., although 
the fixed ash was “usually considered” to be 8 per cent, for this 
coal. On dewatering the product in a rotary vacuum filter (of the 
Oliver type) the water content of the floated anthracite was reduced 
to 19 per cent. 

It will be seen, therefon^ that the Hydrotator cell is of simple 
construction and may be u.sed for a number of purposes. As an 
iipvard-curremt classifier it is not very efficient, but it is known 
(Chapter IV.) that coal .should be can'fuJly sized and that the 
water currents should be adjiLsted for the different sizes, to attain 
the best results in upward-current classifiers. Nevertheless, a 
considerable reduction in the ash content is made without sizing. 
Since all the material le.ss than ()5-mesh size is rejected, the yield of 
purified material may be low, and a large quantity of refuse material 
is produced of a type offering difficulties in disposal. The Hydro- 
tator cell as an upward -current classifier would therefore be inferior 
to the Rheolaveiir slurry washer in efficiency and more limited in 
use in a highly industrialised country like Great Britain (where 
effluents are not easily disposable), but it may prove useful in special 
circumstances. As a froth-flotation unit it is more efficient than as 
an upward-current classifier 

THE MALECOT WASHER 

The Malccot washer, which was devised in Belgium, resembles 
the Rheolaveur washer in some re.spects in feeding coal to a steeply- 
inclined trough, to the end of which an appliance is fitted, where the 
actual separation of dirt from coal takes place. An upward water 
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current in this member allows the dirt to settle but prevents the dis- 
charge of lighter coal particles with the dirt. 

The separating appliance is illustrated in Fig. 197. A dam 
virtually forms the end of the inclined feed shoot and forces all the 
raw coal to pass into a vertical channel to which an upward water 
current is supplied. The heavy dirt settles against the water 
current and is discharged with part of the water supply through the 
lower inclined pipe. The lighter particles of coal and middlings are 
carried upwards by the water current and overflow into a collecting 
trough. The separating appliance therefore bears some resemblance 
to the rheo-box of the Kheolaveiir washer. In the Rheolaveur 
washer, stratification of coal, middlings and dirt is produced partly by 



alluviation in the steeply-inclined feed shoot, and partly as a result of 
the gradual reduction of the inclination of succeeding portions of 
trough, the employment of barrages, and modification of the cross- 
section in different lengths i)f the trough. Once the stratification is 
produced it is carefully preserved, and one of the functions of the 
rheo-boxes (apart from the removal of the refuse) is to prevent 
disturbance of the upper layers of coal and middlings. .In the 
Malecot washer, how(wer, after a rough stratification is produced in 
the inclined feed shoot, the coal is suddenly diverted dowaiwards and 
meets a sudden upward water current. Obviously, tlie principles 
of separation employed in the Rheolaveur washer are not utilised to 
the same extent in the Malecot wa.shcr, and many of the refinements 
incorporated in the Rheolaveur, a result of practical experience, 
arc absent. It would appear to differ from the •Rheolaveur wa^i 
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in that more reliance is placed upon the classification of coal and 
dirt by the upward water currents. Indeed, although troughs are 
used in the washer, and some stratification undoubtedly takes place 
in them, the main separation is performed by the upward currents 
and the washer may be regarded more as an upward-current classifier 
than as a trough washer. 

In practice, Malecot grades the raw coal before washing, using a 
size ratio of 3 to 2. In washing nut coal, the upward current in the 
first classifying appliance is regulated to recover pure coal, which is 
collected in a, transverse launder. The dirt and middlings fall 
against the upward current into an elevator which discharges the 
material into a second steeply-inclined trough terminated by a 
second upward-current appliance. From this unit the middlings 
arc recovered in an overflow launder and the dirt is discharged into 
an elevator. 

In the fmc-coal washer, the design more nearly resembles that of a 
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Kheolaveur washer in that the upward-current appliance is fitted 
in an almost horizontal portion of the trough. The upper layer of 
the material is carried over the gap by the force of the water current. 
I'hc dirt, together with some lighter particles, falls through the gap 
and meets an upward water current. The dirt continues to fall and 
the lighter particles are carried back again to the trough. For fine 
coals, three upward-current appliances arc used. The first one 
rejects final dirt, and tin? .second middlings and further dirt, which 
are re-treated by a third unit discharging dirt only. The pure coal 
product is recovered at the .second unit and the middlings fraction 
at the third. A number of Malecot washers have been built in the 
central and southern coalfields of France. 

THE DELCUVELLERIE WASHER 

The Delcuvellerie washer was devised in France several years 
ago, but until recently it was noLpossible to use it on a commercial 
scaie. It is an upward-cairrent classifier but has not the simplicity 
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which usually attaches to this t57pe of washer, due, partly, to an 
attempt to recover a separate middlings fraction. As illustrated 
in Fig. 198 (a), it consists of three vertical columns, and an inclined 
column for refuse removal. The raw coal is fed into the column, C, 
and the cleaned coal is removed through the column, S, and middlings 
through the column, S^. Upward currents are produced in the 
various columns by supplying water from X. On meeting the raw 
coal at the bottom of the feed column, the water current from D is 
sufficient to carry the lightest particles up the column, S, and the 
residue is subjected to rewashing in the lower column, H. The 
material which finally settles in this branch meets a stronger water 
current at the bottom, and this stronger current causes the middlings 



• Fig. 199. — The Leqiieux W.isher. 

to ascend the column, S^, whilst allowing tlie dirt to .settle through 
E to the dirt elevator. 

In Fig. 198 (b) an improved arrangement is shown which allows 
better control by reason of the separate supply of water for the coal 
and middlings columns. A further arrangement (not illustrated) 
embodies the method of discharge used in the Rheolaveur washer. 
The raw coal at the bottom of the supply column meets a stream of 
water in a horizontal conduit in which a gap allows the discharge of 
the dirt, but the lighter layers are carried forward to a second gap 
surmounted by a column. The middlings fall through the gap and 
the coal is carried to the top of the column clnd is discharged. 

THE LEQUEUX WASHER 

Another French washer, the Lequeux, built at Gouy Servin, is 
probably unique in embodying tjie principles of trough washers, 
jigs and upward-current classifiers in one unit. • It is illustrated in 
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Fig. i()C). Raw coal is fed into an inclined slioot, G, at A, and meets a 
current of water from B. Some stratitication of the material 
occurs before the feed is discharged on to the movable screen of a 
jig. The cam, H, periodically depresses the connecting rod, K, and 
the lever, E, transmits a stroke to the jig screen, C. I'he motion is 
balanced by the attachment of a second lever, F, to the connecting 
rod and to one side of the jig box. The depression of the connecting 
rod causes the screen, (', to rise slowly, producing, in effect, a slow' 
downward current through the bed. The sudden release of the cam 
and the operation of the balance weights, D, draw the screen, C, 
sharply downwards, this motion producing, in effect, a sharp 
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upward current through the bed. The material works its w^ay 
across the .screen, and the upper layers of material overflow at a 
weir and gate valve, M. The bottom layeis of material pass under 
the gate to an upw'ard -current cla.ssiher, Y. Water, admitted at Q, 
passes down one side of the partition, S, and rises on the other side 
to carry any light coal particles back to the overflow' from the jig. 
The dirt which settles is discharged into an elevator. Not content 
with the.se various devices for eii.suring classification and separation, 
the inventor directs upward w^ater currents through the screen 
to keep the bed open. He alsoTises three similar units in series. 

4'he washer does not recommend itself to those familiar with 
efficient jigs", trough washers, or upward-current classifiers. Never- 
thele.ss^ by supplying the raw coal to a flow jig in a stream of 
water, in a suitable trough, the partial classification of coal and dirt 
before entering the jig might enable the throughput to be increased 
or^fhe efficiency to, be slightly improved. 
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THE MULTILAVEUR WASHER 

The Multilaveur washer was introduced by G. Ranwez, and 
embodies many of the principles of separation used in the Rheolaveur 
washer. A steeply-inclined feed shoot is used, followed by lengths of 
troughs less steeply inclined. For nut-coal washers sealed rheo- 
boxes connected to elevators, and supplied with upward water 
currents,^ are used ; for fine coal, rheo-boxes with adjustable dis- 
charge apertures are employed. 

The washer differs from the Rheolaveur washer in the type of 
rheo-box used. The Multilaveur box is illustrated in Fig. 200. 
Instead of a steady upward current in the rheo-boxes, a pulsating 
or jigging current is produced. This type of current is claimed to 
make the bed more open and allow particles mechanically-entangled 
in the wrong layer to rec(jver their true positions in a classification 
according to density differences. The pulsating current is applied 
to the two sections, A and B, alternately through a mechanically- 
operated valve plac(Kl at the junction of the two pipes suppljdng 
water to the compartments A and B. The valve-box and the pipes 
connected to sections A and B are in communication with an over- 
head water-tank, so that the pulsations are really intermittent 
upward water currents, which are transmitted to the material in the 
trough through suitable sieves. Part of the water passes downwards 
from A and B and into the trough through the refuse-discharge 
compartment. In nut-coal rhe o-boxes the discharge valves, F, are 
controlled by hand, hut are aided by the rotation of tiie discharger, G. 

The addition of the use of intermittent upward water currents 
to the methods used to clas.sify raw coal in a Rheolaveur type of 
washer seems unnecessary, and, indeed, more likely tc disturb the 
classification than to improve' it. 


THE TRENT PROCESS 

The dTent process for coal cleaning hc±s been developed since 
the War and has found a number of uses in special circumstances. 
Essentially, the process makes use of the selective' wetting of coal 
by oil and of mineral matter (dirt) by water. Finely-ground coal, 
on agitation with water and oil, is wetted by the oil and forms 
aggregations, but the dirt remains suspended and dispersed in the 
water. On passing the product over a suitable screen, the finely- 
divided mineral matter passes through the openings, but the 
aggregated masses of coal remain on the screen. Trent cabled the 
aggregated masses of coal amalgam.” About 30 per cent, of oil 
(or over 60 gallons per ton) is used, and the coal is ground through 
200 mesh. It will at once be apparent that such a process could 
not be of general application in a country which is deperident on 
foreign sources for its oil supplies, unless the oil could be recovered * 
in a more valuable form than pridr to use. 
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In the experimental plant, the coals were ground in a specially- 
designed pulverising mill which consisted of seven horizontal steel 
cylinders bound together with iron hoops. Into each cylinder a 
number of narrow iron pipes were placed running from end to end, 
about half the cross-section of the steel cylinders being so filled. 
The whole apparatus was then rotated and fed with coal and water 
through bent feeding-pipes fixed in the feed end of each cylinder ; 
the feed-pipes passed through a tank containing coal ajid water 
once in each revolution, and the ground coal passed out with the water 
at the other end. 

The ground coal was tlien fed with water to the '' amalgamator/' 
to which oil was added, and the mixture was stirred. The “ amal- 
gamated ” product was removed in the form of balls approximately 
J to J in. in size. The dirt removed from the coal remained sus- 
pended in the water. The amalgam " of coal and oil contained 
mechanically-entangled water amounting to about lo per cent., an 
amount which could be considerably reduced by kneading the 
material, or by passing it through a sausage machine. The efficiency 
of cleaning may be judged from the figures recorded in Table 128, 
which are results obtained on a laboratory scale. The coals w^ere 
ground for six hours in a ball mill before treatment, so that the 
figures represent conditions which might not obtain in practice. 


Table 128. — Results of Cleaning Coal by the Tkent Process. 


Coal. 


Anthracite culm 
Pittsburg bituminous 
Illinois bituminous . 
Indiana bituminous . 
Washington bituminous 
California lignite * . 

Ti xas lignite * 


Ash per cent. 


Oil used. 
Cial./ton. 


Raw 
Coal . 


Cleaned 

Coal. 


Refuse. 


80 
80 
j 80 
' 80 
' 80 
i 80 


277 

12-5 

i6-6 

q-Q 

22-b 

35-1 

33*5 


7-0 

6-0 

7-4 

h-3 

I3’h 

257 

i8-i 


87- 0 

88 - 0 
097 
86*2 
85-0 
75-9 

94-2 


♦ Carbonised at 500*^ C. 


The .efficiency of cleaning is only poor considering that the coal 
is ground to a very fine state, thus freeing the coal and shale par- 
ticles from mixed particles. Equally good results could be obtained 
with fine coal in madem types of slurry washer without such grind- 
ing. Ill experimental work carried out at Sheffield University 
’ (see Fuel, 1927, 6, 146) it was found that, by separating the products 
on a screen, mineral matter is entUngled in the amalgam, and much 
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better purification is obtained when the coal, after agitation with 
oil until it is not too strongly flocculated, is floated by aeration. 
The mineral matter removed in the tests recorded in Table 128 
is, however, of very high-ash content. The oil used was a heavy 
fuel oil. 

In the Sheffield experiments it was found possible to clean coals 
down to I or 2 per cent, of ash, and '' fixed ash w^as also removed. 
In ordinary washing practice it is not often practicable or desirable 
to crush coal before washing, but in these laboratory experiments 
the raw coal w^as ground in a colloid mill until the particles w’ere 
less than 17^)0 these circumstances, the ash which for 

most practical coal-cleaning processes may be regarded as being 
fixed '' was freed, and removed from the coal by the application 
of the Trent process. 

The particular interest of the Trent process is that the cleaned 
product can be readily dewatered until it contains only a lew j)er 
cent, of water. It can be moulded into briquettes, and it is said 
that it can be pumped like a liquid. If an oil is used which distils 
below the decomposition temperature of the coal, the oil may be 
removed by distillation, and recovered, leaving a relatively clean 
powdered fuel. Alternatively, only a portion of the oil may be 
removed by distillation, leaving the pitch portion of the oil in the 
solid residue, which may then be readily briquetted. 

Trent amalgam has been made in a large-scale plant at Alex- 
andria, Virginia, U.S.A., and proved a pojiular fuel in closed stoves 
and kitchen ranges in the form of briquettes. It burns with a 
bright luminous flame, and gives a hot coke the shape of the original 
briquette. It has also been used in the horizontal retorts of the 
gasworks at Alexandria, for steam-raising purposes and for water-gas 
generators. When used in an open fire, the resulting smell of oil 
detracts from its otherwise pleasing pcTformance. It is proposed to 
market the amalgam in 25-lb. '' bricks,’' 14 by 8 by 4 in., wrapped 
in oil and moisture-proof paper. At Lapiignoy, France, a Trent 
process plant treats 20 tons of coal Y>er hour, the ash content being 
reduced from 18 to 7 per cent, Briquettes are then made and used 
for locomotive firing. It has not found an extended market, how- 
ever, on account of the cost of its preparation. 

Uistillation of the amalgam at different temperatures yields 
cracked ’’ oil and a quantity of gas containing a large proportion 
of ethylene. It has been suggested that this gas would prove a 
suitable starting-point for the manufacture of ethyl alcohol. The 
yields of ethylene at different retort temperatures are recorded in 
Table 129, with their equivalent alcohol yields based on the assump- 
tion that the whole of the ethylene could be converted into recover- 
able alcohol. * . 

From these brief considerations it will be appreciated that the 
Trent process may be considered generally as a method for pre- 
paring clean coal briquettes, of fiigh calorific yaluc, for domestic 
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Table 129. — Yields of Ethylene (and Alcohol Equivalent) 
IN Gases from Distili-ation of Trent Amalgam 


Retort 

1 'credit a go 

emperature 

Kthvlene 

cU‘g. C. 

in ('.as 

400 

23-4 

500 

17-0 

600 

8-S 

800 

8-9 


I 


Tf)tal (ias 

Kquiv. 

Yield. 

Alcohol. 

Cubic It. /Ion. 

Cal. /ton. 

750 

■3T 

4,400 

13-8 

10,850 

17-3 

i(),8oo 

32-0 


and certain industrial uses. The efficiency of dirt removal, according 
to published figures, is not good when the fineness of division of the 
coal is taken into consideration. The removal of water from the 
cleaned product is an important result, but this is attained at the 
exj)ense of using a considerable quantily of crude oils or tars, over 
60 gallons per ton, which makes the process somewhat expensive 
to use. 

Certain coals (Indian, for example, and somc^ American) cannot 
be cleaned effectively by the usual methods of coal-cleaning, since 
the cleanest particles of coal have “ fixed " ash contents of lo to 20 
per cent, or more. If it were practicable to grind sucli coals very 
finely (finer than 200 mesh) and cheap supplies of oil were available, 
a modified Trent process would be more effective' than any other 
process, and there would be no difficulty in dew^atering the product. 
The Trent process, it has been claimed, has made Rhode Island 
coals usable. Rhode Island, U.S.A., was situated some' distance 
from a good coal supi)ly, and the native coal \v:is supposed to con- 
tain too high a percentage of “ fixed " ash for it to be used efficiently 
until the Trent process was adopted. 


(iENKRAL CONSIDERATIONS 

In considering washers of low capital a7Kl running costs for small 
collieries, or for purposes for-which only a low ( apacity is necessary, 
a balance should be nvdde between the smallness of tlu' running co.sts 
and the loss of coal in the refuse. A waslier with a capacity of 20 
tons per hour operating on a ten-hour day and removing 20 per 
cent, of dirt, containing 7 per cent, of free coal, would reject 2-8 tons 
of coal per day or 840 tons in a 300-day year. A more efficient 
type of washer would leave only, say, 2 per cent, of coal in the 
refuse, Vnd the difference in the annual coal recoveries of two such 
washers would be 600 tons, wwth, .say, £d^o. Ihis sum must be 
compared with the .saving in interest on capital and running costs. 
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and it may indeed show that the clieapness of a waslier is more 
apparent tlian real, for it amounts to js. ^d. per ton of the through- 
put. A washer like the Blackett, which can b(' used equally well 
for both large and small capacities, with equal efficiencies for all 
capacities, can be used under almost all circumstances. 



CHAPTER XXIV 


PAN-ASH SKPARATOKS 

The coke usually found in tlic ashes of a boiler or producer 
consists of small particles of partly-burnt material that have passed 
through the grate bars or that have been removed with the clinker. 
Its quality is slightly inferior to that of pieces of the original fuel 
of corresponding size, and it may be contaminated with adherent 
incombustible dust. Carbonaceous matter may often be enclosed 
in fused particles of clinker, and many of the unfused ash particles 
may contain a proportion of unbnrnt carbon. In washing ashes, 
the object is to recover the free coice particles, the combu.stible 
matter in the remaining particles being of little practical value. 
The .separation of these'particles from heavy clinker is a matter of 
no difficulty, for the porous coke particles enclose quantities of air 
and have a low apparent specific gravity. The particles which are 
most completely burned are also fairly easy to remove, for they 
consist almost entirely of heavy a.sh. 

About 4,500,000 tons of coke are u.sed annually at gasworks 
in the manufacture of the producer gas used to heat the .settings. 
From this amount of coke at least 1,000,000 tons of “ pan ash ’’ is 
produced, probably containing about 40 per cent, of coke. A.ssuming 
an average amount of 3.^! per cent, of recoverable coke (worth 
15s. per ton), over £250,000 may be realised annually by the recovery 
of the coke from ashes of gasworks prodiicer.s. The ashes from 
boilers contain appreciable quantities of carbonaceous material, 
produced by the mechanical fracture of the coal in the links of the 
grate as it travels forward, the average percentage of recoverable 
carbon in the ashes of mechanically-stoked boilers being from 10 to 
20 per cent. In hand-fired boilers the gross weight of carbon in 
the ashes may be as high as 50 jier cent., of which a large proportion 
is in the form of recoverable coke. It w'ould therefore appiiar that 
the recovery of combustible material from ashes may often be a 
profitable undertaking at all large and medium-sized, or even at 
small, gasworks, and in many boiler plants where, the number of 
boilers ysed is high . The washers or separators used lor this purpose 
are usually called pan-ash separators. 

At a gasworks with a bed of eight retorts, about i ton of pan ash 
is produced per day. From such a material the following products 
have bten separated in a Robinson washer. 

Pan a.shes treated . . 48^ tons. 

Coke and breeze recovered . 21-2 ,, — 43-1 per cent. 
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Clinker and ashes . . 25*8 tons -- 52*4 per cent. 

Silt 2-2 4-5 

The pan ash from a bench of eight letorts would therefore yield 
about 150 tons of coke per annum, the coke being of fair quality. 
Since the w^ashers adaptable for pan-ash separating are generally of 
low capital cost, have economical power consumptions, and are 
simple in ’design and control, it is frequently found that the cost of 
such a washer is soon recovered. 1'he saving entailed is then very 
considerable, for the fuel is quite satisfactory for return to the 
producers. At one gasworks over 1,300 tons of coke and breeze 
were recovered during a period of six months. The recovered 
material contained about 28 per cent, of water when removed from 
the plant, and, after air drying for thre^' days, the water content w^as 
reduced to 14 or 15 per cent. 

A number of washers that liave aln^ady been described for 
coal washing are also used for pan-ash separating. They are 
gt‘nerally those of low capital (ost which are simple in design and 
whose ])ower consumjitions are low. h'or example, the Hoyle 
washer is u.sed at th(' Shefheld hou.sehold-rcfuse handling plant. 
'I'lie raw material jiasses through cylindrical screens and is graded 
into sizes, d'he line ash passes through in. apertures in the first 
section of the screen and is loaded into a hopper for disposal without 
further Ireatimait. The remainder of the household refuse is graded 
into two suitable sizes, and the oversize^, which includes many 
tins, is hand-pick(‘d to recover these fhe two sized fractions 
are washed sejiarateh' in Hoyle washers and the recovered cinders 
are used for steani-raising purposes on the plant, or arc briquetted 
and .sold as a low-grade liiel. 

The Notanos washer has been ('rected at many gasworks in the 
larger towns of (ireal Britain, and also in Holland. For pan-ash 
separating a single trough is used for all sizes, since the necessity 
for highly efficient nx'overy of such rnatcTial is not so great as that 
ciLstomary in coal-washing practice'. In a washer u.sed for pan a.sh 
at th(' Wandsworth (lasworks (Gets WoHd, 1914 fOiking Section, 
Dece'inber). if)) \hc capacity is 5 tons per hour. I'he washer is 
built on a structure 33 It. high and 150 It. long, which is divided into 
nine reinforce'd concrete' l^ays, each of whu li is u.sed to store a dilferent 
size of jHoduct (Ifig 201). 

The pan ash from the jiroducers is tipped on to a 2^ in. grid 
c'oM'r over the feed elevator, and the oversize material is broken up. 
The material is fed regularly to the buckets by a revolviVig star 
feed and is elevated to a jj in screen which removes the undersize 
before the pan ash is delivered to the washer. Here The material 
is separatc'd into coke and clinker. The coke is floated , over a 
drainage screen and then ovc'r a series of grading screens, each size 
being dropped into its appropriate ^torage bay in the lower structure. 
The clinker delivered at the upper end of the washer is also s^ed 
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and each product is delivered into its appropriate bay. Four sizes 
of coke between | and i J in., and live sizes of clinker, are separated 
A reinforced concrete tunnel runs through all the bays to enable a 
horse and cart to pass beneath them. The material can be loaded 
from any of the bays through a door in the roof of the tunnel. 
This particular plant is driven by a 25 h.p. motor. The water is 
raised by a special gritly-water pump from a water clarification 
tank and returned to the washer. 

As previously mentioned, the Robinson washer is also used for 
pan-ash separating, and is satisfactory for the purpose because of its 
simple design and ease of operation. 

The Rheolaveur washer found one of its earliest uses in pan-ash, 
or cinder, washing when, in 1918, during an acute fuel shortage in 
France, thirty w^ashers were erected at gasworks, chemical works, 
steelworks, collieries, etc., to recover coke from ashes. Subsequent 
to 1918, however, only live more Rheolaveur “ cinder washers ” 



were erected. 'Fhe washers had a small capacity, which varied from 
5 to 20 tons per hour. 

The Rheolaveur cinder washer is illustrated in Fig. 202. It 
consisted of two washing troughs with subsidiary collecting troughs 
to return rewash material to the feed tank, and the refuse to a 
settling tank. d'he raw material was fed to the conical tank, A, 
where it was well wetted with water before being pumped 
to the feed hopper at the head of the washing troughs. The lighter 
material — coke — was carried by the water stream from the end of 
the U})per trough, and was drained by passing over a 100 mesh 
sieve, through which wat(‘r containing the lines! particles of dirt 
pas.sed, and was collected in the dirt tank. Ihe cleaiH*d material 
was then pa.s.sed over a fxi mesh sieve to remove the remaindc'r of 
the water. Most of the liner particles of material passes! through 
the sieve with the wat(T, and were returned to the feed tank for 
re-circulation. I'lie first live rh(‘o-boxe.s in the ujipiT trough nqectc'd 
the heaviest diit, and the remaining four rheo-boxes, intermediate 
material, .so [hat only the lighte.st and cleane.st cok(' pa.s.sed from the 
upper trough. The heavy dirt rejected by the first live rheo-boxes 
was rewaslied in the lower trough and any material recov(‘red, 
together with the intermediate product from the remaining rheo- 
1 oxes of the upper trough, was returned to the feed cone for re- 
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circulation. Water was supplied from an overhead tank to most 
of the rhco-boxes near the feed end of tlic washer, the upward 
currents produced preventing tl>e passage of light coke particles 
through the rheo-boxes. The rewash material was returned to the 
washer for further treatment. The dirt settled quickly in the dirt 
sump, and the clearer water from the top was pumped to the over- 
head tank to feed the rheo-boxes. 

The Birtley S. J. separator has been used experimentally to 
clean pan ash, and, if the sizing limits imposed are not too onerous, 
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an advantage is to be gained by cleaning pan ash in the dry state. 
The use of the S.J. separator for the separation of clinker from an 
oil gas plant is illustrated in Tig. 203. In this test, coke containing 
i<S per cent, of ash, and refuse containing 77 per cent, of ash, were 
recovered. By including some of the middlings with the clean 
coke, the ash content of the refu.se was raised to 95 per cent., and 
the a.sh content of the cf)ke was increased to 22 ])er cent. 

The cleaning plants already described are those which haye been 
designed primarily lor coal cleaning, but which are easily adapted 
for pan-a.sh or breeze cleaning. OUier plants, sach as the Retriever, 
the Columbus, and the Ullrich, have been specially designed for ^he 
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separation of combustible material from pan ashes, coke breeze, 
and boiler or other ashes. 

The Retriever Washer. — The Retriever washer, illustrated 
in Fig. 204, is used for pan-ash separating, for washing coke breeze, 
or for the recovery of combustible material from boiler ashes. The 
Retriever is an upwurd-current washer, in which the water current 
is produced by the circulation of water from an outer to an inner 
tank. The outer cast-iron tank, a, is rectangular with the lower 
portions of two of its sides inclined to hjrm a trough. The iippi^r 
portion of the inner tank, h, is circular, but tlu' lower portion of it 
is of truncated-cone shape. In the inner tank a ])ropeller is driven 
by a vertical shaft, d, through bevel gearing, and causes a circulation 
of water from the inner to the outer tank. In returning to th(' 
inner tank, the water produces an upward curn'nt, wliich is siithcient 
to float any coke not already raiserl by the eddy (‘urrents above the 
propellfT. 

In op('ration, the pan ash is first screened to remove the finest 
dust (whic'h consists almost entirely of incombustible matter), and 
is fed to tlie washer by the shoot, c. 'rhe ligliter ('oke is raised by 
tlu' water currents, and overflows from tin* inner lank at the lip, i. 
rile cok(' is freed from water in a revolving screen, f, and is dis- 
charged into suitable collectors The water passes through th(‘ 
screen into the compartment, a. I'he dirt settk^s through the 
low'c'r opening of the inncu' tank, and is removed b}^ tlu' dredging 
conveyor, g. A view of a Retriever pan-ash separating plant is 
given in Fig. 205. 

The Retriever washer may be built in the open on the ground 
level, or may be raised to a suitable height by stc'el supports to 
facilitate the loading of the products from hoppers. This washer 
has been erected at nearly thirty gasworks in (Ireat Britain to wash 
pan ash or coke breeze, h'or pan ashes, a washer has a capacity ol 
2 to 3 tons per hour, and two men are recpiired for labour. In three 
test runs on different plants, the percentages of coke recovered wen* 
43’h, 45 'J- ‘iiid 39*1. At the Cleckheaton (kisworks (at which 
223,000,000 cub. ft. of gas were made in the year 1924) Qbi tons 
of pan ash were produced, from which 343 tons of coke (357 per cent.) 
were reco^'ered. In addition to its value as fuel, carting and tip 
charges (at 2s. ()rf. per toil) on this amount of coke were saved, and 
of the 370 tons of fine a.sh produced, 163 tons wen' sold at an average 
rate of over i.s. iui. per ton. The washer was in operation on pan 
ash for only 320 hours m the year, the power consumption being 
about h.p. per ton of pan ash treated. Make-up water at the 
rate of 10 gallons per ton of pan ash was required at a cost of ^d. per 
1,000 gallons. Tlic total costs, including labour, water, power, 
stores, and interest on capital, amounted to 15. b\d. per ton of pan 
ash. These costs are high compared with the costs of coal washing, 
but this is because the capacity of the washer is only small. Never^ 
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theless, the year’s working permitted a profit of nearly ^^500, which 
amply justified the practice of pan-ash washing. 

In a tCvSt elsewhere on the ashes from a cupola core stove, 43*6 
per cent, of coke was recovered. 

The Columbus Pan -Ash Separator. — The Columbus pan-ash 
separator emjdoys a medium lieavier than water to effect a separation 
between clinker and coke. A suitable medium, of S.(h 1-21 to 1-26, 
is made by mixing water with clay or chalk (or other convenient 
substance) until the required effective specific gravity is attained. 
This suspension is contained in an inverted conical tank in which 
two worm conveyors are immersed. One conveyor reaches to the 
bottom of the tank to which the clinker settles, and the other is only 
slightly immersed below the upper surface of the separating medium, 
to remove the light coke w'hich floats on the surface. In the 
separator illustrated in Fig. 206, an elevator feeds the pan-ash to 



a rotary screen, in the front section of which the dust is removed. 
In the second s(‘Ction, the medium-sized pieces of clinker are removed 
and are passed to the separator. The oversize passes over the end 
of the screen and, since it usually contains only a small amount of 
combustible matt('r, is not washed. The medium-sized material is 
separated by tlie medium of high specific gravity into coke, which 
floats on the surface of the medium, and clinker, which sinks. During 
the elevation of the separated materials from the tank, the drainage 
water runs back to the separator. 

'I'liis simple separator, which requires no expensive machinery, 
no pumps, and no housing, has been erected at a number of small 
gasworks. The capacity of different units varies from 075 ton to 
4 tons per hour ; the smaller size requires i to h.p., and the 
largest size 3 to 4 h.p. 

The Jig Pan-Ash Separator.~A jig pan-ash separator, 
marketed by Messrs. Silica Brick and Machinery, Ltd., is illustrated 
in Fig. 207. The pan-ash is fed to a cylindrical drum to remove t^^c 
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ash less than i mm. size, and the oversize is fed to a wash-box. 
Mere pulsations are created which cause the lighter coke to float 
until it is carried by the water currents over an inclined drainage 
screen. Drainage is aided by the use of a rotating shaft to which 
a series of plates are fixed ; these plates lift the coke from the 
overflowing water and deliver it again on to the screen. The clinker 
settles on the fixed screen of the jig box and passes under slides at 
both sides of the wash-box to the bottom. The clinker is removed 
from the wash-box by means of a scoop wheel fitted with perforated 
buckets and, after draining, is deposited into a discharge shoot. 
The water passes through the coke drainage screen into a tank, 
from which it is returned by means of a centrifugal pump to the 
wash-box. The pump is geared to an eccentric on the main shaft. 

The wa.sher is self-contained and needs no special foundations. 



From I to 4 h.p. arc required, according to The capacity of the 
washer, which varies from I ton per hour upwards. 

The Ullrich Dry Magnetic Separator. — The Ullrich process, 
unlike those previously described, does not depend for its action on 
differences in density between coke and clinker, but is based on the 
fact that ashes are attracted by strong magnetic fields which have 
no influence on coal or coke. 'Fhis magnetic phenomenon is ex- 
plained by the fact that the iron compounds almost invariably 
present in coal ash are reduced to free iron or converted into tlie 
magnetic oxide, or some other iron compound suscf'ptible to magnetic 
attraction. 

The Ullrich process was developed in the Krupp-Ciruson works 
at Magdeburg, (Germany. "I'he Briti.sh rights are held by Messrs. 
CliamVer Ovens Ltd., London. One advantage of this process is 
that it operates on the dry jnaterial, and coke is recovered in the 
dry state. Moreover, the fine ^dust particles, which are usually 
rernoved before treatment in wet separators, can be treated by 
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the magnetic process as well as the larger material. The lay-out 
of the plant, with its absence of pumps, .settling tanks and drainage 
screens, is simple and compact, and requires only a small floor space. 
The fine dry ash separated is claimed to be especially suited to the 
manufacture of slag bricks. 

An Ullrich magnetic separator is illustrated in Figs. 208 and 209, 
which give a view of a single magnetic drum and an elevation through 
a one-drum plant capable of dealing with i to 2 tons of ashes per 
hour. The drum is provided with one to four magnetic fields, 
produced electrically. The ashes are fed uniformly to the drum 
by a series of shaking trays. The clinker and ashes are attracted 
by the powerful electro-magnets in the drum, and adhere to the 
drum surface for about half a revolution. As the drum revolves 
the coke particl(\s an^ early projected from the surface of the drum, 
wh(Teas the ash is retained in contact for a longer period, and only 
Ic'aves the surface when the gravitational forces exceed the force 
due to the magnetic attraction, and cause the material to fall. 
The coke and the ashes are thus thrown off the drum surface separ- 
ately, and are collected in tubs or other suitable collecting devices. 
In most cases it is desirable to screen the ashes into two or more 
grades before subjecting them to the magnetic treatment, and to 
use a magnetic field of different intensity for each grade. To 
facilitate the feeding process a picking belt may be added to the 
equipment to allow the largest material to be hand-picked. The 
whole unit may be mounted 011 wheels, and muy be moved to 
different parts of a works, if desired. The power requirements per 
ton of ashes tn^ated are stated to be from i to h.p. for the produc- 
tion of the magnetic field, and \ to J h.p. for the drive 

At a power station at Stettin, (Germany, the ash from the end 
of the boiler grates falls down .shoots on to a conveyor which dis- 
charges the material into a hopper. From the hopper, the clinker 
is crushed to j)a.ss a ij-in. .screen and is elevated, weighed auto- 
matically, and delivered to a second hopper which feeds the magnetic 
separating plant. The feed from this hopper passes over shaking 
screens, from which the oversize (which is usually free from coke) 
is rejected d'he screened product then passc's through four outlets 
on to a drum with four elements producing the magnetic field. The 
coke recovered may then be loaded on to the coal conveyor for 
return to the boiler house. About 8 tons of coke are recovered 
daily. In five months, during which careful records were kept, 
4,872 tons of ashes were treated with a total power consumption of 
67 h.p. per ton. From these ashes 1,218 tons of coke were recovered 
(25 per cent.) with a calorific value equal to 80 per cent, of the 
calorific vahu' of the coal usc‘d. The profit for each ’ton of coke 
recovered was estimated to be about I2.s\ • , 

From one sample of pan a.sh, 57 per cent, of coke, with a calorific 
value of 10,600 B.Th.U. per lb., wa^s recovered, and from another the 
yield was 53*4 per cent. Tests carried out at Krupp-Gruson wojljb 
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gave the following results : From boiler ashes, 34-3 per cent, of coke 
recovered, of which 21-6 per cent, (of the original ashes) was less 
than ^ in. size ; from core-drying stove ashes, 527 per cent, of coke, 
with 23-3 per cent, less than ^ in. ; from producer ashes, 66*3 per 
cent, of coke, with 34*6 per cent, less than J in. These figures show 
very well the advantage which the dry magnetic process has over 
wet processes for treating boiler ashes or material in which fine 
particles of coke are found. Over 150 plants have been erected at 
power stations, gasworks, etc. 



CHAPTER XXV 


THE DEWATERING OF COAL : DRAINAGE HOPPERS AND 
DEWATERING SCREENS 

The dewatering of coal is an important branch of coal-washing 
practice, more particularly when applied to the preparation of coal 
for coke manufacture. The water retained by wet coal is present as 
a film on the surface of each coal particle, and may also be retained 
by capillary forces in the interstices between the particles. With 
large particles of coal the ratio of the total surface area to the weight 
is small, and the percentage quantity of water retained as films on 
the surface of such particles is also relatively small. When the size 
of the particles is small, as in slack which all passes through a | in. 
screen, the ratio of the total surface area to the weight is much 
greater than for nut coal, and the quantity of water retained as films 
on the particle surfaces is correspondingly increased. 

The spaces between nut particles are so large as to preclude the 
retention of considerable quantities of water by capillary forces, and 
on standing in drainage hoppers for a short period of time, dewatering 
of even small nuts may be readily accomplished. On loading into a 
hopper, the water weakly retained in the spaces between the coal 
particles rapidly drains away. The total time necessary for drainage 
is governed mainly by the time required for the water, draining 
from the upper layers of coal to lower levels, to be removed from the 
lower levels before the coal is loaded into wagons. 

With nuts of Comparatively regular shape, unit volumes of 
specified sizes (viz., 2 to in., l| to i in., or i to ^ in.) have the 
same weight, or, in other words, the percentage of free space is the 
same. When a hopper contains material which is not closely-sized 
and the ratio of the largest to the smallest .sizes is great (as in coal of 
^ in. to 0 size), the volume of free space is much reduced, since the 
smaller particles fill in the spaces between the larger particles. 
Moreover, the ratio of surface to weight of unit volume becomes very 
large compared with a similar ratio for a graded nut size, and the 
aggregate weight of the films of water round the particles attains 
appreciable proportions. The juxtaposition of numerous particles 
whose superficial area is great, also allows the retention of water 
in the interstices between the particles by capillary attraction. 

Fine particles of clay material retain water to a greater extent 
than coal particles of the same size, and, if present in sufficient 
quantity, may act as an impermeable membrane and cause drainage ^ 
to cease. If active drainage from the hopper is not immediately 
renewed, considerable quantities *of water, drajped from the upper 
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layers of coal, may accumulate above the impermeable " membrane/' 
When drainage from the hopper has been suspended for some time, 
an attempt to renew the natural drainage by poking at the hopper 
base may achieve the object, and the water may then flow out in a 
powerful stream and flood the whole of the drainage floor. Such an 
occurrence provides a dramatic proof of the resistance to drainage 
which clay particles in small coal may offer. 

Theoretical Considerations. — Before describing the methods 
adopted for the dewatering of washed fines, it is pertinent to consider 
the physical aspect of the retention of water by small coal. When a 
number of spherical particles are arranged so as to give the maximum 
percentage of free space between the particles (an arrangement known 



Fig. jio. — "I' lic J)o\saUTing of (iraded Siz(‘s of Coal ])y Natural Drainage, 
Forced Drainage, and Centrifuging. 

as loose piling), th(' percentage of free space is 47-6 per cent, of the 
total apparent volume occupit^d. When the spheres are agitated 
and caused to occupy the minimum apparent volume (an arrange- 
ment known as pressure piling), the percentage of free space is 
26-0 per cent. Regular diamond-shaped particles give 30 per cent, 
of free space in '' loose piling,' [ but the free space is nil under condi- 
tions of pressure piling." Coal particles are of irregular shape, and 
the amount of free space in a " loosely-piled " mass of particles (as 
in a hopper) cannot therefore be .calculated. 

A block of coal, 50 c.c. in volume, weighs about 65 gm., and if a 
volume of 100 c.c. were filled half with coal and half with water, the 
percentage weight of the water in the mixture would be 43-5 per cent. 
Actually, in experiments we have made, it was found to be 50 per 
cent, for closely-graded sizes of coal less than 50 mesh (^ij, in.) size, 
corresponding to a free space of 57*5 per cent, of the total apparent 
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volume. The results of these experiments are recorded in the upper 
curve of Fig. 210, which gives the amount of water retained by various 
sizes of small coal alter natural drainage. The sizes chosen were • 
5-10, 10-20, 20-40, 40-60, 60-90, 90-120, 120-150, and 150-200 mesh 
I.M.M. d'he .second curve shows the percentage of paraffin (by 
volume) retained by graded sizes of coal under similar conditions.* 

The procedure adopted was to wet a weighed sample of coal 
thoroughly by agitation with water (or paraffin) in a small churn 
and to pour the wetted coal into a funnel lined with wetted filter 
paper, allowing the material to drain until continuous dripping 
ceased. The amount of liquid retained was then determined by 
direct weighing. 

Curves I and IT (counting from the top of the graph) show that 
graded coal of sizes from approximately in. to in. retain the 
same amount of liquid (waiter or paiaffin) after natural drainage. 
The amount of water retained is therefore independent of size (or 
extent of surface) between these limits. For graded coal of .size 
greater than 50 mesh (^ in.) the water drains away more readily 
than from the smaller sizes, and only 20 per cent, of water is retained 
by 5 to 10 mesh (j\, to in.) coal after natural drainage- 

The effect of forced drainage was then studied by jigging " the 
funnels in filter-funnel stands. This action tended to induce pres- 
sure piling by reducing the free .space l)etween the particles to the 
minimum. 'Fhe percentage of water and paraffin (by volume) 
retained by th(‘ different sizes of C(»al is shown in the second series of 
curves (111 and IV) in Fig. 210. 7'he reduction in the amounts of 
liquid retained is approximately the same for both paraffin and 
water. The two curves, 111 and IV, are of the same type as the curv(\s 
for natural drainage*, I and II, although the amounts of li piid retained 
are smaller for every size. There was a noticeable difference in the 
})hysical condition oif the* ('oal fractions of 40 to 60 mesh size and less, 
which yielded, after jigging,'' a hard compact cone whicli resisted 
breaking up ; the cones produced from the fractions over 40 mesh 
size readily broke up on touching. This physical condition of com- 
l)acting was found for all the graded sizes which retained about 
40 per cent, ol liquid or, in other words, in which the spaces between 
the particles wctc complet(‘ly filled with liquid. The apparent 
cementing action of the licjuid gives an indication of the strength of 
the capillary forces causing its retention. 

The condition of packing of the particles obtained in this series 
of '' forced drainage ” experiments approximates to the conditions 
obtaining on a jigging dewatering .screen, on which the particles tend 
to pack by “ pres.sure piling." 

A further series of experiments was carried out to study the 


♦ Tlie dinount of water lotaincd is expressed a.s the perreiitajifp weif^lit (o» volume) 
ol water in joo gm. ot the mixture, since this is the usual method adopted in piaclicc , 
The amount of parainn retained is expre.ssed as the percentage \olum(‘ ot paralVni 
111 100 gm. of mixture. • 
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retention of liquids by coal after centrifuging. A laboratory 
centrifuge was used, in which the funnels containing the wet coal 
after forced drainage, were centrifuged at a speed of i,ooo r.p.m. 
for 4 mins. The effective radius of the centrifuge was 7 cm. The 
centrifugal force, /, of a body moving in a circular path of radius 

r, IS Compared with gravity, g, 

/_ f 

rg~ 25 

where N is the number of revolutions made per sec. {r, g and /being 
expressed in C.G.S. units). The centrifugal force was therefore 



i 'ic.. 21 1. — The Dewatering of Through Sizes of Coal by Natural Diainago, 
Forced Drainage, and Centriluging 

78 times the force of gravity.* The results of these experiments, 
using paraffin and water as the welting liquids, are recorded in the 
third series of curves, V and VI, in Fig. 210. In these experiments 
there is the first indication given that the percentage of water 
retained by coal may be affected by the surface area of the coal 
particles as well as by the size and total volume of the interstices. 
The dotted line (curve VII) is introduced to indicate the relative 
surface areas of i gm. of the different grades of coal. (For the sake 
of argument the particles are assumed to be cubes, but the only pur- 
pose of the curve is to show the relative surface areas of different 
sizes.) * It is clear that the amount of water retained after centrifug- 
ing is not directly proportional to the extent of surface area, although 
it increases Vvith decrease in the size of coal. It is more probable 
that tlv' slightly greater amount of water retained by the 120 to 150 
mesh size, compared with the 60 to 90 mesh size, for example, is due 

* Or about the same as in a 5 ft C'arjKinter centrifuge running at 300 r.p.m. 
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to the greater hindrance to water removal due to the more tortuous 
path followed. On the other hand, it is certain that centrifuging 
overcomes, more or less, the capillary forces retaining water in the 
spaces between the coal particles. Assuming that the water is 
retained entirely as a film on the particle surfaces, the film thickness 
for the 150 to 200 mesh size would be 0*00015 cm. It is interesting 
to note that more paraftin than water was retained by each size of 
coal, presumably due to the greater attraction exerted by the mole- 
cules at the coal surface for the non-oxygenated liquid. 

Similar experiments were then carried out for the through'" 
sizes of coal, i.e., coal which had been ground so as to pass through 5, 
10, 20, 40, 60, 90, 120, 150 and 200 mesh. Thus the through 5 mesh 
coal contained particles of all sizes less than in., but none greater 
than in. The amounts of w^ater and paraffin retained by these 
samples of the coal after natural drainage, forced drainage, and 
centrifuging are recorded in Fig. 211. For natural drainage the curve 
showing water retention is almo.st identical with that obtained for 
the graded sizes. About 50 per cent, of water was retained by the 
sizes with a smaller maximum size than 50 mesh, but more liquid 
was retained by the smaller '' through " sizes. In such smaller sizes 
the filling up of the spaces between the larger particles by smaller 
ones would allow capillary forces to operate for a lower maximum 
size of i)article. For paraffin the volume retained was about 45 per 
cent, (expressed on 100 gm. mixture) for the smaller sizes ; this seems 
to indicate more effective filling up of the spaces brUveen the larger 
coal particles by smaller ones in the presence of paraffin, due to 
its lower coefficient cf friction or lower viscosity compared with 
water. 

After forced drainage by “ jigging,” the amount of \,ater retained 
by the smaller through sizes weis about ptT cent., as compared 
with 39 per cent. 4 or the graded sizes. 1'his iigain indicates the 
closer packing possible with through sizes. Only a lew sizes of 
coal were examined afttT such treatment, but {'ve]i fur the coarsest 
sizes, through 5 ajid through 10 ine.sh, the amount of water retained 
was almost 30 jkt ccaU. The volume of paraffin retained under the 
same conditions was 25 j)er cent, for all sizes from through 5 mesh 
to through 120 mesh. Hence the curves illustrating the amounts of 
liquid retained, after reduction of the volume of the spaces between 
the particles through pressure packing, do nut .show points of in- 
flexion at the 50 nie.sh .size as they do for tlie graded sizes, and liquid 
was retained by capillary forces lor all the .sizes of coal tested, d'hc 
minimum amount of water retained was 28 per cent, for through 5 
mesh in.) size, and this probably indicates the limit of dewatering 
coal of size less than 5 mesli, or smaller, by any proc^ess producing 
pressure packing of the particles, for example, dewatering jigging 
screens. In practice it is found that slurry (which is approximately 
through in. size) may be dewatered to about 30 per cent, by* 
jigging screens. • 
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Tlie curves showing the amounls of liquid retained by the. through 
sizes, after centrifuging, show points of inflexion at about the 40 
mesh size, when 21 per cent, of water is retained. Sizes smaller 
than 40 mesh show a gradual increase in the amount of water 
retained the smaller is the size, until, for the through 200 mesh 
size, it is about 30 per cent., or practically the same amount as 
is retained after forced drainage. I'lie amount of paraffin retained 
by the through 200 mesh size is also practically the same after 
centrifuging as after forced drainage. For the smallest size of 
coal tested, therefore, a force lu'arly 100 times as great as the 
force of gravity does not remove much more liquid than simple 
jigging, thus indicating the gn^at strength of thi' forces retaining 
liquid at a coal surface. With .sizes greater than 40 mesh, centrifuging 
effects an appreciable reduction in th(i amount of wattT retained, 
compared with forced drainage, the reduction amounting to 24 per 
cent, for both through 5 mesh and through 10 mesh size, although it 
is only 8 per cent, for the through 40 mesh .size, and less for still 
.smaller sizes. 

It w^ould therefore appear that, on a small .scale, centrifuging 
affects a considerable dewatering ior sizes greater than 10 mesh 

in.) size, but is comparatively useless lor sizes ol 40 mesh and less. 
In practice the limits of usefulne.ss of centrifuging may be consider- 
ably le.ss than in these .small-.scale experiments, for the through 5 
mesh sample, for example, was prepared by gently cru.shing larger 
coal so that the amount ol very .small coal would not be great. 
Through 5 mesh coal jiroduced in practice would in'obably contain 
more very small particles, and the dewatering of .such coal by cen- 
trifuging might thendbre be inefficient. Scoular and Dunglin.son, 
in fact {Iron and Coal Tr. Rev., 1924, 104, 1112), refer to “ the failure 
of the centrifugal method of drying coal alter the flotation treat- 
ment”; their coal (ontained only about 13 pc^r c'ent. of material 
coarser than approximately 15 mesh l.M.M. 

The fact that centrifuging overcomes more or less tln^ force of 
capillary attraction, and removes the liquid held by this force in the 
interstitial spaces between coal partic les, was shown in the following 
way. When water is dropped on to a heap of fine coal it will not 
spread, but paraffin, on the other hand, .spreads easil}^ When suffi- 
cient paraffin has been added to powdered coal its slightly brown 
colour becomes black and glistening, giving a vi.sual impression ol 
complete filming of the particle .surfaces. A sample of fine coal 
was spread in amounts of 10 gm. on a glass plate, and various 
additions of paraffin were made in drops from a small dropi)ing 
pipette. The results obtained for coarse coal (20 to 40 mesh) 
showed that 3 per cent, (by volume on weight of mixture) of paraffin 
was necessary to filrn the coal surfaces completely, and about 5 per 
cent. WciS necessary for coal through 20 mesh size. Such amounts 
give calculated film thicknesses of o-oooi to 0-00025 cm. This 
probably represents the thinnest •complete film of liejuid paraffin 



THE DEWATERING OF COAL 


475 


possible on coal.* A similar calculation of the film thickness of 
paraffin on coal after centrifuging shows a variation from 0-00035 for 
60 to 90 mesh coal, to 0-00020 cm. for 150 to 200 mesh size. The 
corresponding figures for water are 0-0003 to 0-00015 cm. It would 
therefore appear that the liquid retained by coal alter efficient cen- 
trifuging is held by strong surface molec'ular forces, and its removal 
can only be effected by the application of heat, or by the preferential 
wetting qf coal surfaces by oils to displace the water to the inter- 
stitial spaces, from which it may be more easily removed by simple 
mechanical means. 

Some further experiments made on the time necessary for 
dewatering by natural drainage are also of interest. These result.^ 
for graded coal are rc‘Corded in Table 130. 

Table 130. — Ihe Natural Drainage of Graded Sizes of Coal 


Size. 

(Mesh I MM.) 


Per cent, of Water in Wet Coal after Drainage for : 

5 min. i hr. | 3 hr. i 20 hr. 


5 - 10 

2 i 

10 - 20 1 


20 - 40 

45 

40 - 60 

4() 

()()- ()() 

50 

c)o-i 20 

4'> 

120- 150 

4<> 

150-200 

4(. 

<; 200 

i 4<> 


20-5 

36 

43*5 

44*5 

4<'^*5 

44 
44*5 

45 
44 


IQ*5 

35-5 

42-5 

43‘5 

47*5 

44 

43 

44-5 

43 


19*5 

35*5 

41 

42-5 

47*5 

43 

43 

44-5 

43 


1'he coal contained z*o per cent, of ash ; about 50 gm. of coal was 
contained in a luunel which was covered to obviate^ air drying, 
rile results show that natural drainage was complete in about 3 min., 
and tliat long-continued drainage had only a iK'gligible effect in 
further dewatering. Similar experiments for “ througli ” sizes are 
recorded in Table 131. 

These lesults are of a similar type to those previously recorded. 
They show that, in a thin layer, all sizes of coal rapidly drain to the 
limiting figure of natural drainage. In practic'e, a hopper may con- 
tain several hundred tons of coal, and a long drainage time is neces- 

* .Mthough it is jiossihlc lo have a rnonomolccular film of gases on solids, or of 
lii^uids on liquids, ihe evidence lli.it ii monomolecular film ol lupiul may be pro- 
duced on a .solid is less substantial. It may be possible m.froth-flotation processes 
where th(* filming lupiid is agitaUd with the .solid in the presence ol anotl^^r liquid 
(water). When' no agitation 111 tlie ])re.sence of a free li(]ind takes place, thi' film 
thickness is more usually eiiun.ilent to the diamt'ters of several thousauds of 
molecules. • 
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Table 131. — Natural Drainage of Through Sizes of Coal 



Coal A. 

Coal B. 

Size. 

(Mesh I.M.M.) 

i 

Per cent, of Water in Wet Coal after Drainage for : — 

Through 

1 

5 min. 

18 hr. 

5 min. 

^ 18 hr. 

5 i 

36 

30-5 

37 

35 

10 ; 

44 

41 

39 

38 

20 

45 

41-5 

45 

43-5 

40 

50 

47 

44 

4^-5 

60 

47 

45 

47 

45 


51 

48 

49 

46 

120 

5 ‘> 


47 

43 

150 1 

48 

47 

55 

51 

200 ! 

1 

59 

55-5 

51 

49*5 


sary to allow the water to drain from the upper layers to the lower 
layers and to be removed. 

Kesults obtained with coarser sizes of coal afttT natural drainage 
for 5 min. are of interest. They are as follows : — 

Per cent. Waiter. 

. 4 '« 

. 8*2 

. 10-7 

Tljcse results indicate tlie small amounts of water which remain 
in the coarser sizes of coal after natural draiiuTge. Dew'atering by 
natural drainage is therefore quite satisfactory for sizes greater than 

or I in., and additional means for dewatering are unnecessary. 

It is well known that tlie presence of small particles of clay-like 
material considerably reduces the efliciency of dewatering by natural 
drainage. O. Schafer (Stahl und Ehcn, 1925, 45, 44) records results 
for the dewatering of raw slurry, and slurry cleaned by a froth 
flotation process, in a laboratory-scale hopper. 'Fhe raw slurry would 
have an ash content of about ^25 per cent., and the washed slurry 
would contain only about 8 per cent, of ash. 'Fhe percentages of 
water retained after drainage are recorded in Table 132 

The/se figures are of the same type as those previously given, but 
as a comparative series they illustrate the effect of the presence of 
clay particles in hindering dewatering. 

Drainage Hoppers. — Drainage hoppers are commonly used to 
permit dewatering by natural drainage as well as for the storage of 
washed coal. They are usually btiilt of concrete to hold from 20 to 


Size (in.) 

i-l ■ 
PJ • 

s~A, ■ 
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Table 132. — Per cent, of Water 'Retained by Raw and 
Washed Slurry after Natural Drainage 


Size. 

Per cent. Water Retained. 

Mm. 

Approx. T.M.M. 
Mesh. 

Raw Slurry. 

Washed Slurry. 

2-1 . 

6-12 

8-6 

5-8 

i-i . 

12-25 

33-3 

297 

2 ~ • 

25-37 

357 

34-2 

i_ j 

2 4 * 

37-50 

43-8 

36-1 


50-62 

44-1 

38-1 

\-k • . 

62-75 

45-4 

38-9 

1 1 

6 s- 

75-100 

45-4 

45-1 

<l • 

< 100 

50-4 

46-0 


several hundred tons of coal. In Humboldt, Rheolaveur, and many 
other types of washery, the washed fine coal passes from the wash- 
boxes to a washed-coal sump from which the coal is removed by a 
drainage elevator. This consists of a series of perforated buckets 
joined by links in an endless chain, the elevator being inclined at a 
suitable angle to prevent the water drained from one bucket from 
dropping into the one below it. The drainage elevator discharges 
on to a scraper conveyor or some other device to feed the coal to a 
scries of drainage hoppers. 

A number of difficulties are experienced in practice \\ith drainage 
elevators feeding from a sump. The finer particles of coal tend to 
choke the perforati(?ns in the buckets and to prevent drainage. If 
a washer has been standing idle for even a short interval, slurry 
settles in the washed coal sump and, on restarting, the buckets 
become partly filled with .slurry which blinds the perforations. It 
therefore frequently happens that the material discharged on to the 
scraper conveyor or, in some cast's, directly into the drainage hopper, 
contains excessive quantities of water. If the capacity of the 
drainage hoppers is not great, and the drainage time therefore small, 
dewatering may be a very inefficient process. 

An important factor in the practice of dewatering nut coal is to 
avoid the production, by breakage, of smalls which would fill up the 
spaces between coal particles, and hinder ^drainage. In tho plants 
built towards the end of the last century, Baum loaded nut sizes of 
coal into hoppers already filled with water, so that the water over- 
llowed as the hopper became filled. The slow .settling of the coal 
particles through the water in the hopper prevented breakage. 
When one hopper was filled with coal, the stream of washed nuts 
was deflected into another, similar, hopper, whilst the coal in the 
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loaded hopper was allowed to drain before unloading. In later 
plants Baum passed the washed nuts over a fixed drainage screen 
and loaded the coal into empty hoppers by special loading shoots 
which reached almost to the bottom of the hopper. 

A number of attempts have been made to improve the effi- 



Fig. 2 2, — Drainage Hoppers (i^ipi). 

ciency of dev'atering in the drainage hoppers. In iHqi, Baum used 
a hopper divided into three or four sections and arranged two or 
three perforated pipes vertically .so that water could be removed 
from all levels of the hopper. This is illustrated in Fig. 212. The 



P'lG. 213. — Perforated Plate Bottom of Drainage Hoppers. 


inner sides of the lower tapered ends were also perforated to allow 
further outlets for the drainage water. The perforated pipe, r, was 
fitted with a waste valve, c. These hoppers were erected at a large 
number* of Baum wa.sheries in (icTmany, and later a numbiT of 
*Schuchlermami and Krcnier, and Humboldt washeri(‘s were fitted 
witl^ similar devices^ These hoppers suffered from th(‘ general dis- 
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advantage that the perforations of the drainage pipe wctc liable to 
choke, and, therefore, to stop the drainag(‘. 

The design of the base of hoppers is an important feature. Many 
hoppers have a rectangular perforated plate, or double plates as in 
Fig. 213, at the bottom. In Fig. 213, the hand wheel, g, is used to 
bring the p(irforations of the two perforated plates in line ; the 
handwheel, //, is litted with a pinion which operatc's a rack to which 
the perforated plates are fixed, so that the\^ may be moved to one 
side to unload the hopper. When th(‘ perforations in this type of 
base plate become blocked they are difficult to open. The extent to 
which drainage is impeded ma}^ be shown by rapidly moving the 
pinion handwliecT Drainage is accentuated by this movement. 

A b(‘tter type of drainage base is that illustrated in Fig. 214. The 
base consists of a strong circular plate set horizontally ; above it is 
a metal cylinder which is adjustable by a hand lever to give any 
desired distance between its lower end and the base plate. By 



I'Kj. 215. — Kheolciveiir J)(‘wa taring Device. 


raising this c\ iind(‘r,* a cjuantity of coal runs out and rests on the base 
plate ; the s])aces bc'tween the particles of this coal take th(' place 
of the perforations in tlu* type previously d(\scribc‘d. The drainage 
wat(T overflows from the circular base j)lat(‘ into a launder. If 
drainage should cease or be restrained, the loose cylinder may be 
moved upwards and downwards rapidly. 4 'his is usually sufficient 
to jiermit drainage to bc‘. continued, but, if this fails, a rod may be 
inserted without loss ol coal and ik‘W drainage passages opened u]). 
To discharge the hojijier alter drainag(‘, the base plate is rotated, 
and a plough fixed to guide the coal into a shoot. 

It can sah'Iy be said that dewatering by natural drainage is an 
unsatislactory ])rocedur(' when a great excess of w^ater is carried 
into the hopper, as irecjiiently happens when coal is fed directly to 
the h()i)]XT by a drainage ('levator from a washed coal sump. A 
numb('r ol devices have* been introdiict'd to jm'vent the passage 
of large (]uantities ol ^^ater into the drainage hoppcTs. 

One such device is the use of knockc'i bars, which are hinged to 
the elevator casing and are lonf^ enough, when in a horizontal 
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position, to toucli the outside edge of the buckets. As the buckets 
niov(^ upwards, the knocker bars are raised until no longer supported 
by tlie rim of a bucket, when they fall on to the bucket below. The 



impact is sufficient to clear 
some of the perforated holes 
and so accentuate drainage. 
This simple device lias proved 
(‘ffective in a number of 
waslieries. 

Another device, which has 
been used in Kheolaveur wash- 
eries, treats the coal when it 
has bt'cn discharged on to the 
scraper conveyor feeding the 
drainage hoppers. It was found 
that a quantity of water was 
forc('d out of the wet coal as it 
was moved along by the scraper 
bars ; the water collected in 
front of the charge of coal 
moved by each bar. This libera- 
tion of water from the wet coal 
is probably due to the pres.surc 
packing of the coal particles 
due to mechanical disturbance 
induced by the pressure and 
motion of the scraper. To 
remove tliis water, the base 
plate of the conveyor is per- 
forated at intervals with elon- 
gated holes, the maximum 
dimension of which is ('(|ual to 
thc‘ nnniinum size ol the coal. 
As t}i(‘ cliarge in front of each 
j)iisli j)late of the .scraper pa.sses 
over tin* pcTforalions, tlie fn'cd 
wal('r, with only a small amount 
of coal, passes through. Wedge- 
wire s('r('('ns are sometimes us('d 
instead of perforated plates. 
E'- this means considerabh^ 
quantities of (‘xcess water are 
removed fiom the coal. The 


arrangement is illustrated in Fig. 215 (Lecoc(], Fuel, 1923, 2, 268), 
showing the drainage elevator, the scraper conveyor witli three 
dewatering .sections, and four drainage hopi)ers underneath it ; tlie 
arrangement of the drainage openings, and a diagrammatic view 
of the extrusion of water in front of one push plate, are also shown. 
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The maximum size of a drainage hopper fed directly by a drainage 
elevator from a washed coal sump, is limited by the practical diffi- 
culties of dewatering. A large number of drainage hoppers are a 
very expensive item of washery construction, and this has led to 
attempts to dewater coal before loading into hoppers, which may then 
be built of large capacity for storage purposes only. 

Baum Drainage Conveyor. — After Baum had tried numerous 
variations in the construction of drainage hoppers, in 1903*110 
introduced a drainage band for the dual purpose of dewatering and 
conveying the coal, d'he drainage band or conveyor, illustrated in 
Figs. 2 i() and 217, consisted of perforated plates, a, hinged one to the 
other, and carrying at the middle of each plate a double vertical 
partition, b. The })artitions were constructed of perforated plates 
strengtheiK'd with angle irons, and separated slightly from each 
other to allow water to run between them. The sides, c and d, of 
the conveyor wen' also built of perforated plates. I he conveyor 
was, in ehect, a scri<'s of boxes hinged one to the other at the middle 
of tlu' bas(' plates. Tlu^ links were made very strong to enable the 
conveyor to carry a load of two tons of coal per yard of its length. 
The movement of the conveyor was obtained by the use of rect- 
angular drumheads driviai through geiw wheels fiom a belt-driven 
l)iillev. 1'he conveyor passed over su])porting i oilers, h, s])aced at 
such a distance' apart that the conveyor sagged liikUt the load of 
('oal b(‘twe('n one rolK‘r and another. The c‘lfect cf this sagging was 
to ])ress till' coal betwei'ii the vertical partitions, b, when thi'. conveyor 
passed between the n llers, .uid to opi'ii the partitions when it passed 
over a rolli'r. Through this action the I'oal was alternately com- 
jiressi'd and ri'Ieasrd, and drainage was fai'ilitatcd of the inter- 
mittent s(|ueezmg to winch the loal was subjected. In the diagram 
(Fig. 2i()), a i)ortion«(>f the convi'yor in its horizontal position of travail 
IS shown. After the conveyor had carried the coal horizontally it 
conveyed the I'oal up an iiu’line (Fig. 217) to a suitable height for 
loading into hop])er.s. 

The method of charging the conveyor allowed the coarsest coal 
to be dropjied on to the base, with the smaller material above it, and 
the slurry on the top. I'll is layering was obtained by the u.se of 
swinging sii'VTs jilaced above the conveyor. The washed fine coal 
was carried in a stream of water on to the swinging sieves, which 
allowed the water and fini'r sizes of coal to pass through, the coarser 
('oal passing forward over the sieves on to the conveyor at c (Fig. 216). 
'Idle finer coal, which had passed through The upper swnigiog sieve 
but remained on a lower one, was dropped on to the coarser coal. 
The fini'st coal and the slurry from the slurry sump weri', added on the 
top of these two layers and spread evenly over them. As may be 
observed in Fig. 2i(), the watei wdiich drained from the coa?on the 
drainage band was collected in a trough underneath the filled section * 
of the conveyor and carried to the .settling tank, 7, from which it 



482 


THE CJ.EANINC; OF COAL 


was passed to settling tanks to be clarified for re-use. 71ie conveyor 
moved slowly, at a speed of about 8 in. per minute, to allow suffic ient 
time for drainage during the travel of the coal to the storage bunkers. 
This drainage conveyor was installed in Baum jilants built in 



Tireat Britain by .Siinon-C arves •from ^9^4- Although a 

fairly efficient dewatering was el'lectcxl, there were a numbc'r of dis- 
•advantages associated with its use which eventually led to its replace- 
ment by a simpler appliance. Although of very robust construe- 
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tion, mechanical breakdowns were inevitable and repairs presented 
many difficulties. Moreover, its efficiency was not always high 
when dealing with certain types of coal. For example, it was 
frequently found that, in spite of the alternate compression and 
expansion of the coal mass on the conveyor, pools of water remained 
on the upper layers of coal, the added slimes often acting as a cement- 
ing agent for the coarser particles of coal and forming a relatively 
impermeable layer. The capital cost of the drainage conveyor was 
also high, and, in 1914, the successful designing of a simpler appliance 
for dewatering led to its abandonment. 

Dewatering Screens. — I he new method of dewatering consisted 
in passing the line washed coal over fixed and shaking screens before 
delivery on to a .scraper conveyor for loading into the storage 
bunkers. Fig. 218 is a diagram of the dew'atering apparatus and 
Fig. 219 a view of the appliance in operation. In Fig. 42, page 159, 
a plan is given of the dewatering apparatus, which is made up of four 
sets of fixed screens, 17, and shaking screens, t8. The slurry from the 
settling tanks, 2t, passes from the base of the tank through a pipe 
to a separate set of four fixed screens, from which the coal is dis- 
charged on to the shaking .screen, 18. 

In I'^ig. 218 the fine washed coal passes from the rewash -box on to 
the shoot, A, and to the fixed sieve, B, which is constructed of wedge 
win'. 'J'h(‘ wedge wire's consist of rods of triangular cro.ss-section. 
l'h(' lloor of the fix(*d wedge' wire screen is ce>mpo.'>ed of a series of 
such rods fastened together to give a flat .surface with transve'rse slits, 
through whie'h the' water, and only the fine'st particles of coal, can 
])ass. Each eif the spaces between the wires increase'; in width on 
the unele'r side of the sieve, and this prevents the .screen from being 
easily blocked by fine coal particles. 'J'hc water passing through 
the fixed sieve', B, Tarrying with it .some of the finest particles of 
coal, passes along the launcler, C, and runs back to tln^ .settling tank. 
The coal, freed from much of the entangled wat(‘r, pa.s.ses on to the 
shaking sieve, 1)^, con.structed also of wedge wire. It is shaken 
along this .screen into a second shaking .screen, D^, from which 
tlu' coal passc's into a launder, E, on to a conveyor for loading into 
the bunkers. Tlie concentrated .slurry from the settling tank pas.ses 
from the launder, F, to tlu' fixed su'.ve, (1, where most of the water is 
removed, and passes into a launder, K, and thence to the settling 
tank along the lower launder, C. d'he fixed slurry sieve, (I, has a 
greater inclination than the fixed fine-coal sieve, B, to allow the slurry 
to flow readily down the launder, IT, on td the top of the fme coal 
on the .shaking scn'i'ii, O,. d'he pai tly-dewatered slurr}^ and fine 
coal pass togi'ther from l)j, to tlu' second shaking .scix'en, D.^, and 
thence through the lamuU'r, E, fo the conveyor. The .shaking 
screens are actuated by an eccentric (shown on the right-liand side 
of Fig. 218), which gives them a rapid to and fro motion. 

This method of dewatering prdved to be more efficient than the 
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older method of using a drainage band, and, since 1914, many of the 
older drainkge conveyors have been removed. The change is simpli- 
fied by the fact that the fixed and shaking screens occupy no more 
space than the old drainage band, and do not interfere with the 
general arrangement of the washery. 

In 1926, an improvement was effected by Simon-Carvgs in treating 
the slurry on a separate set of shaking screens. By treating the 
slurry and the fine coal separately it is found that the dewatering is 
more efficient. For example, slurry may be dewatered so that only 
26 per cent, of water remains, whereas, in previous practice the 
amount retained in the slurry would be of the order of 32 per cent, 
or more. At one South Yorkshire washery, the small coal, after 
dewatering on a drainage band, contained 14-0 per cent, of water, on 
an average for three months' working. When the drainage band was 
replaced by a set of shaking screens, the average moisture content of 
the coal was reduced to ii-i per cent. 

d'he Sherwood Hunter dewatering screens are similar to those 
already described. Although no provision is made for dewatering 
the slurry on a separate set of shaking screens, the efficiency of 
dewatering may be illustrated by the results obtained with the 
installation at Frickley Colliery, where the fine coal at the delivery 
end of the screen now contains, on the average, 18 per cent, of water 
instead of 23 per cent., the average moisture content when using the 
old drainage band. 

Dewatering screens are now widely employed by nearly every 
washery constructor. They differ somewhat in details but all are 
essentially the same in principle. On the Continent it is common 
practice to dewater slurry on such screens (or “ Zimmers ") and to 
use a spray of water near the feed end. This removes clay particles 
and enables the water content to be further reduced. One such 
dew'atering screen is shown in Fig. 220. • 
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DEWATERING : FILTERS, CENTRIFUGES AND DRYERS 

In addition to the devices discussed in Chapter XXV, many other 
mechanical means have been successfully employed for dewatering 
washed coal. 

Ihese may be grouped into three classes : One, using .suction 
(the Oliver filter) ; a second, using pressure (centrifugal dryers 
and filter presses) ; and the third, using direct heating (the 
^^^SS^^s-Coles dryer). The intensity of tlie force exerted for 
dewatering increases in the order given : in the Oliver filter the 
.suction used cannot be greater than i atmos. (30 in. of mercury) ; 
in centrifugal dryers, the force used may be ecpiivalent to several 
hundred atmospheres ; and, in direct-heat dryers, the mechanical 
equivalent of the energy used as heat is of a very high order. For 
example, in dew^atering 10 tons of coal per hour by direct heat and 
removing 5 per cent, of water, the mechanical equivalent of the 
energy used is 1,250,000 ft. lb. per hour, or the equivalent of 3,230 
h.p. It must not be thought that the cost of power for treating coal 
by these three methods is proportional to the figures given, which 
are only calculated to compare the intensities of the forces used. 
The greater the intensity of the force, the more completely can 
dewatering be effected, but the actual power consumptions are 
more affected by the mechanical difficulties of the application of the 
force. I bus in a suction filter, in order that a high vacuum can be 
attained, a thick bcul of material has to be carried to prevent undue 
pa.ssage of air through the bed. Although the actual power con- 
sumed in creating the suction is small, the motion necessary to 
make the process continuous leads to a high gross power con- 
sumption. In centrifugal dryers, the power consumption depends 
largely on the thickness of the coal layer on the screens. With the 
use of a simple scraping device, however, the thickness of the coal 
layer can be considerably reduced. With a well-designed cen- 
trifuge the power consumption is low, the high intensity of cen- 
trifugal force is economically used, and large throughputs may be 
attained. In direct-heat dryers the energy used for coal drying 
may be “ waste heat,” and, in this event, power would Duly be 
required to rotate the dryer (which is usually cylindrical) and in 
exhausting the steam and waste gases. 

SUCTION AND PRESSURE FILTERS 

For the purpose of description, pressure filters (filter presses) 
and suction filters may be considered under one heading. I^oth 
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types have been used for dewatering froth-flotation concentrates, 
especially on the Continent, wluTe frotli-flotation processes arc more 
generally used than in (ireat ]>ritain. Wlien considerable difficulty 
is experienced in reducing the moisture conUait of the washed coal 
to a reasonable figure, suction and pressure filters may be adopted, 
but they are relativ^ely expensive. For froth-flotation concentrates, 
the expense may be justified, ])ecausc less drastic methods are in- 
etlective, and the removal of water increases the utility of the 
cU^ined product. 

The Oliver Filter — 'Ihe Oliver filter consists of a drum 8 ft. long 
and 8 ft. in diameter, on the outsid(‘ of which a 36 mesh brass wire 
cloth is wrapped and held in position by wire wound spirally. Th(* 
drum is supported on trunnions, and the lower half is submerged 



in a tank. It is rotated by a worm, on a countershaft, which engages 
with a toothed wheel shrunk on to th(' drum. The brass wire cloth 
has an area of about 200 S(|. ft., and lorins the filtc'ring medium. 

Th(' interior cylindrical casing is ribbed, thus dividing the annular 
space between the cloth and the casing into a series of virtually 
independent shallow coinpartnunts, each i in. deep. Each com- 
partment is ccjnnected by a pipe to a valve placed at the' centre of 
the cylinder to which suctiona'an be api)li(.’d. 

'I'he froth-flotation concimtrate, containing about ecpial pro- 
portions of .solid and water, is introduced into the tank in wliich 
the drum rotates, and is maintained at a constant ht*ight,homogcau'it\ 
being assured by mechanical agitation. As the drum rotates, and 
.suction is applit‘d to the iirside of the filter ploth, a c ake is built 
up on the outside of the cloth. * During the passage of the screen 
through the tank, the cake collected on the' cloth is concentratc'd, 
compared with the free matc‘rial in the tank, and, when the screen 
emerges above the water level, true dewatering commences, the 
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water drawn off through the filter cloth passes along the radial 
pipes in the interior of the drum. Ihe vacuum pump creating 
suction is connected with the radial pipes in the interior of the 
drum through an automatic valve. A reservoir and water-trap 
tank are interposc^d between the automatic valve and the vacuum 
pump. 1 he water collected from the liltered material is removed 
from the system by a centrifugal pump (h'ig. 221). 

Wlien the filter has almost completed one revolution, the tilter 
cake is removed by the application of compressed air to its under- 
side. fhis change-ovcT, from the vacuum to compressed air, is made 
through the automatic vacuum valve which, at a suitable moment, 
cuts off the connection of the receiver to the vacuum pipes and con- 
nects them to a compressed-air supply. Ihe cake is loosened from 
the filtering cloth so that a fixed scraper readily removes it on to a 
belt conve3^or. The screen meshes are thus cleared and a clean filter 
surface re-enters the tank for another cycle of operations. 

At Oughterside (Secular and Dunglinson, irenz and Coal 2 V. Rev., 
104, 1112), from 26 to 28 tons of material, containing 50 per 
cent, of water, were handled per hour in an Oliver filter, and the 
water content of the dewatered coal was 17 per cent, on the average, 
d he power requirements were 45 h p. t(' drive the filter, vacuum 
pump and a centrifugal water pump. Tests made with an inter- 
mittent centrifuge with charges of 15 cwt., reduced the water con- 
tent to 14 per cent. O. Schafer (SiaJil und Eisen, i 1 records 

a figure of 20 per cent, for the moisture content of slurry after clean- 
ing by froth flotation and dewatering in a filter of the Oliver type. 
In the German plant the cleaned slurry from the froth-flotation 
plant was “ thickened ” in a cone before delivering to the filter. 

A battcTy of twenty Wolf filters is in operation at the Dutch 
State Mines, Limburg, treating line coal (slurry) which has been 
ch'aiK'd by the Kreinbentinck froth-flotation process. From this 
material a dried product containing 20 per cent, of water was pro- 
duced at the rate of approximately i-jS tons per 10 sq. ft. of ffter 
surfac(‘ per hour, using a layer up to \ in. thick, at 5 r.p.m. At 
Mont Cenis th(' concentrates from the Ekof froth-flotation plant 
are led to rotary filters containing 69-4 per cent, ol water, which is 
reduced to 20 per cent, by the suction-filter treatment. One filter 
had a liltering surface of 10 sq. n (107*5 sq. ft.), and produced 840 
kg. of dried materia] jier square metre per hour (8| tons of material 
containing 20 per cent, water per hour). 1 he thickness of the layer 
on the cloth was about J in. The sptod of rotation was i*t r.p.m. 
Ihe vacuum applic'd was 420 mm. cjf mercury. Jutc^ sacking was 
used underneath the outer covering of bronze-gauze to regulate the 
liltering action. , 

Grounds {Fuel Economist, , 5^0) also records the use of 

rotary filters to filter the w^aste water from lignite and brSwn coal^ 
washeric's and briquetting factories. By treating per square metre* 
of liltering surface, 8,000 litres f 1,760 gall.) per hour of liquor^con- 
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taining only 1*45 per cent, of solid matter, a clean filtrate was 
produced. The filter cake (10 mm. thick) contained 37-3 per cent, 
of water, ('heap cotton cloth was used as the filtering medium. 

Many makers supply rotary filters similar in principle to the 
one described. Such filters are the Portland, the Wolf, the Zenith 
and the American. The one illustrated in Fig. 222 is a Wolf filter. 

The Dorrco Filter. — A rotary vacuum filter of quite, different 
design has recently been marketed by the Dorr Company, New York. 
The filter is cylindrical, as is the Oliver, but instead of making the 
cake on the outside of the filter drum it is produced on the inside 
perimeter. The advantage of this arrangement is that the vacuum 



pipes are more accessible on the outside of the drum and a feed tank 
with its agitating mechanism is no longer n(^cessary. Moreover, the 
formation of a natural bed, with the larger particles on the screen 
surface, facilitates dewatering. The filter was devised by Mr. J. T. 
Shimmin, of the Nevada Consolidated ('opper Company, to overcome 
difficulties which were experienced when using the ordinary type of 
rotary vacuum filter. With metalliferous ores the larger and heavier 
particles tended to settle out in the feed tank despite constant 
agitation, and the drums had frequently to be raised in order to dig 
out the settled ore particles. The Dorrco filter illustrated in Fig. 223 
is sup})orted on trunnion bearings at the feed (*nd and by a tyre 
bearing on rollers at the other end. 'I'ho drum is rotated by means 
of a worm and a worm-gear drive.^ The filtering cloth on the inside 
of the drum is built up in sections which may be replaced individually. 
^The material to be dewatered is fed to the drum through a feed pipe 
which discharges on to a splash-board in the lower half of the drum. 
A natural bed is forijud on the filter surface, and suction is applied 
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to each panel of the screen through an automatic valve. The cake 
formed on the inside of the drum is carried round to a suitable point 
where the filter screen is caused to vibrate to loosen the cake and 
enable it to drop into an internal hopper. From the hopper the dried 
material passes to a trough in the centre of the drum, whence a 
screw conveyor discharges it. 

With the new filter, metalliferous ore slimes through 65 mesh size 
were dewatered from 34-5 to 12*0 per cent, at the rate of about 
5 tons per hour in a filter of 13 ft. in. diameter. The powder 
requirements were 6 h.p. for the filter drive and 13 1 h.p. for the 
vacuum pump. With a mixture of flotation and table concentrates, 
in which 70 per cent, of the feed was fine enough to pass through 
65 mesh, the average capacity of the filter was increased to 10 *2 tons 
per hour in dewatering from 40*0 to ii-o per cent., and using only 
10 h.p. Finally, the capacity of the filter was raised until it treated 
over 20 tons of concentrates per hour. 

The Plan Filter. — I'he Plan filter is used at the Dutch State Mines, 
Limburg, for material which, owing to difficulties in keeping large 
jmrticles in suspension in the supply tank, and in making a cake, is 
too large to be treated successfully by a rotary filter. It is also used 
in Germany for dewatering slurry. The filter consists of a hori- 
zontal table built up of perforated metal sheet overlaid with fine 
wedge-wire panels. The underside of the table is connected by a 
number of suction pipes to a central discharge pipe in the circuit of a 
vacuum pump. The table is rotated by suitable mechanism. The 
filters used at Limburg are circular, the system of suction pipes 
and rotating mechanism forming an elaborate understructure. 

The Plan filter illustrated in P'ig. 224 is manufactured by Fr. 
(iroppel. The central portion of the table is cut out and the 
suction pipes arc arranged radially. I'he understructure is there- 
fore simplified and less head room is required. I'he material to be 
dewatered is fed to the table through tlu" pi])e under the elevator 
and, when the table has completed one revolution, the dewatered 
matcuial is removed by means of the ek'vator. 

At Mont Cenis, Westphalia, a idan filter of 1-5 sq. m. (16 sq. ft ) 
filtering surface is used to treat a sliirr\' wliic'h contains only 26-6 per 
cent, of solids. The moisture content of the product is 25 per cent. 
The slurry is built up to a thickness of about 1 in., ancl the filter 
revolves slowly at a spcH^d of 24 revolutions per hour, a suction 
equivalent to 6 to y}, lb. per sq. in. being applied. The filtrate is only 
slightly cloudy. 

Filter Press. — (). .Schafer (loc. ctl.) records that use was made 
of a filter press at Zwickau, Saxony, to dewater the concentrate 
from a froth-flotation plant, cleaning slurry. Each plant consisted 
of forty-two chambers of 1 sq. m.^ filter surface. Six presses, with 
sewenty-five operations per twenty-four hours, would give an output 
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of 300 tons of slurry containing 20 per cent, of water, or 50 tons of 
such material, per press, per twenty-four hours. The arrangement 
at Zwickau is shown in Fig. 225. Thickened slurry from the bottom 
valves of a number of settling tanks could be run through a launder 
into a tank. From this the lower slurry container could be filled, 
and, on closing the valve between the two vessels and applying 
compressed air to the lower container, the .slurry was fed into a 
press. After dewatering, the press was opened and the dewatered 



slurry fell into the loading hoppers below. The details of the press 
are not recorded. 

Details of a press used in chemical works are shown in big. 22b. 
'file pre.ss consists of a number of perforated plates which slide along 
bars on either side of the i)re.ss during the ojiening and closing A 
section through a number of plates is also shown ; each chamber, 
enclosed by two plates, is in communication with chaniu^ls i, k, and 
m, by^ cross-channels. The particular press illustrated is of the 
total extraction ” type, and allows a pressed cake to be washed 
with water admitted through the channel, m, and passing out through 
thf channel, k. This operation is unnece.ssary in coal dewatering, 
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and a single channel only would be required. Suitable filter cloths 
are used on the press plates, which are then closed and the chambers 
Idled with the material to be treated. The press is tightened by 
means of a screw, or pneumatically as in Fig. 225. When the maxi- 
mum pressure has been applied, the press is opened and the pressed 
cakes dro]) out of the chambers. 

At Zwickau the cleaned slurry is dewatered to 18 per cent, water- 
content. • The power requirements are 7-5 h.p. for a throughput of 
JO tons of wet slurry (containing 50 per cent, of water) or 5 tons of 
dry slurry per hour. 


CENTRIFUGAL J )RYERS 

A number of continuous centrifugal dr^^Ts have been successfully 
used for dewatering washed coal. With some of them large through- 
puts have been obtained, and it has been found possible to reduce 
the moisture content of coal from 15 or 20 per cent, to less than 
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10 per cent. 'the ground space required is small and the power 
consumption not excessive. The chief disadvantage, however, is 
the liability to breakdowns and the cost of repairs, especially of 
renewing the .screens. The mechanism is often somewhat compli- 
cated, and sjiecial labour is therefore necessary when breakdowns 
occur. 

The Elmore Centrifuge. — I'he Elmore centrifuge was originally 
designed to reinovi* li(iuor, acid, or water from crystals in clu'inical 
works, and to replace' the intermittent type of centrifugal dryer 
usually used. It was argued that the Weight of a heavy intcr- 
mitte'iit charge greatly reduced the speed at which the centrifuge 
ran, and, as the centtifugal force exerted varies as the-square of the 
velocity, the force applied to the material was considerably reduced. 
In continuous operation, a very small charge of material was present 
in the centrifuge at any one instant, and it was possible to increase 
the speed of rotation without increasing the strain on the centrifyge. 
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The higher centrifugal force developed ensured more complete 
removal of adherent liquor. 

The general design of the Elmore centrifuge is shown in Fig 227, 
It consists of a rotating basket, or sieve, with a scraper rotating at a 
somewhat lower si)eed inside it to remove the dried material. The 
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basket,' A, is made of pliosphor-bronze, monel metal or steel 
(according to the nature of the liquid to be removed), and is cast 
in one piece Inside this basket a removable .screen is lixed as the 
actual filtering medium. The basket rests on the rim of the cast- 
steel spider, B, carried by the hollow or quill shaft, H, which runs in 
the ball bearings, I) and E, housed in cages. The thrust is taken by 
the bearing, F The renewable scraping flights, (i, are attached to 
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a distributing cone to which the distributing paddles, C, are also 
fixed. The distributing cone is carried by the internal solid shaft, I, 
running in the ball bearings, J, and K, in cages, which arc kept 
in vertical alignment by suitable guides. The thrust is taken by 
the bearing, L, at the bottom of the shaft. The distance between 
the scraping flights and the screen may be varied by adjustment of 
the shims/' M, set above the flange of the solid shaft, which raises 
or lowers .the distributing cone carrying the scraping flights. 

The two shafts are driven by differential bevel gearing. The 
driving pulley, N, attached to the shaft, O, drives the bevel gear, 1\ 
which actuates the forged steel bevel pinion, O, on the counter- 
shaft, R. This countershaft also carries the differential spiral 
gears, V and T. The gear, T, drives the spiral gear, U, keyed to the 
internal solid shaft which drives the .scrapers and distributing cone. 
The gear, V, drives the spiral gear, W, keyed to the hollow shaft 
which drives tlie basket and .screens I'he gear wheels are enclosed 
in an oil-tight gear-ca.se which is filled with oil to the level of the 
bottom face of the spiral gear, U. A centrifugal oil pump circulates 
oil to the ball bearings, the various gear wheels and the stationary 
countershaft. The diffcrcaice in the speed of the two rotating shafts 
is made one revolution for every 100 revolutions of the basket shaft. 

For crystal drying, the centrifuge is made in four sizes — namely, 
10, 24, 36 and 48 in. diameter between the bolt holes of the lower end 
of the basket ; the speeds of rotation are 3,000, 2,100, 1,600, and 
1,100 r.p.m. re.spectively. For coal drying, the hi. centrifuge is 
u.sed at a basket speed of 550 r.p.m. (.'oal is admiltc'd to the hopper 
at the top and is distributed by the paddles, C*, on the distribut- 
ing cone (.see Fig, 22H, which .shows the paddles and the scraping 
flights on the distributing cone). The coal is then flung on to the 
screen fixed inside the basket, (i, and is removed by the .scraping 
flights and falls throflgh the annular space between the gear-ca.se and 
the outer casing on to a conveyor. The water forced through the 
interstices of the basket impinges on the .shield, X, and is collected 
in a laundt'r. 

The 48 in. centrifuge adopted for coal drying has a capacity of 
80 tons of wet coal jxu' hour, and dewaters it to approximately 
7 i>er cent. Four dryers, each with a capacity of 80 tons per hour, 
liave been installed at the Middle Fork wa.shery, Benton, III., and 
also at No. 8 mine of the Tenne.s.see Coal, Iron and R.R. Co., Birming- 
ham, Ala. 1'he power requirements are 30 h.p., and the floor space 
7 ft. by 7 ft. 6 in. p(*r unit. At the coking plant of the Woodward 
Iron Co., Bessemer, Ala., coking coal through | in. mesh is dried. 
One set of screens is .said to last for the time nece.ssary to dry from 
20,000 to 30,000 tons of coal. At the Emma ])it of the. Dutcli State 
mines, three 3(1 in. cemtrifuges hiiVh each a capacity of 30 tons per 
hour, using 40 h.p. each. At Parkgate, Yorkshire, one ceiftrifuge 
has a rated capacity of 75 tons per hour, but has been overloaded 

considerably above this figure. The jiower consumption is about 

* * • 
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I h.p. per ton. The average result of eighteen daily tests on this 
centrifuge shows that the moisture content of the coal was reduced 
from 19-8 per cent, to 7 4 per cent. ; the lowest water content of the 
treated coal was 6*4 per cent. The breakage caused in passing 
through the centrifuge is shown by the following average figures of 
three daily tests : — 

Size (in.). Before Treatment. After Treatment. 

M ... 5 i‘i ••• 17-5 

... 24*3 ... 39*6 

< i ... 24-2 ... 427 

The water removed from the coal at Parkgate, including the fine 
coal passing through the screen, was lifted by an ejector to the top 
of the slurry-settling tank and was therefore retreated. This 
reduces the effective throughput of the centrifuge, but avoids the 
accumulation of slurry. 

For coal dewatering, the outer steel basket has peripheral slots 
about ] in. wide. Inside this basket is fixed a screen which may be 
made either of thin phosphor-bronze sheet with inclined slots, | in. 
long and in. wide, or of punched steel plate with in. round 
holes. The removable screens are only thin, but some difficulty is 
experienced in laying them truly against the basket. Any irregularity 
of the surface tends to be worn by the scraping flights, so that holes 
are formed. A torn edge causes coal to build up against it, and may 
throw sufficient back pn'ssure on the machine to cause a stoppage. 
This is the W('akest feature of the centrifuge, and ma}" ('ause serious 
inconvenience in operation. 

The large throughputs obtained suggest that the Cf)al is not 
allowed to remain long on the screen, and that the layer of coal 
carried is comparatively thin. The thickness is fixed by the distance 
of the scraping flights from the screen. The lo\t power consumption 
is, no doubt, partly due to the thinness of the coal layer carried, 
and partly to the conical shape of the basket which deflects the coal 
dow]iwards after impact, so that onl}' a small duty is imposed on the 
scraping flights to aid tlu' downward movement of the coal. In the 
Hoyle centrifuge, the coal alter impact is not helped to move down- 
wards by th(! screen (which is vertical), and all the duty of moving 
the coal through the dryer is imposed on the scraping device. Jn 
the Carpenter centrifuge the inclination is large enough to make a 
scraping device unnecessary, dhe power consumption for a given 
coal throughput is lower for the I'dmore dryer than for other con- 
tinuous centrifuges. 

The Hoyle Centrifuge. — 3 here arc two Hoyle continuous 
centrifuges, one designed as a .sliirry separator' or thickeiKT, and the 
other fnore particularly for coal dewatering. 'J'he slurry separator 
was designed for the removal of suspended solids from water rather 
than for the removal of water flom solids. It consists of a solid 
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conical vessel mounted on a hollow shaft and driven at a speed of 
800 to 2,000 r.p.m. A second hollow shaft carries a spiral and is 
rotated in the same direction as the outer vessel, but at a slightly 
lower speed, by differential gears. The slurry water is fed into the 
upper hollow shaft and flung against the conical vessel. The con- 
centrated slurry is scraped from the conical member by the spiral 
and carried upwards, being discharged into the outer casing. Here 
a spiral prevents the slurry from adhering to the casing and causes 
it to fall down on to a conveyor. The clarified water is discharged 
through suitable openings. 

The Hoyle centrifuge is built on the same general principles as 
the Elmore centrifuge, in that a screen basket and scraper .spiral are 
rotated by diflerential gearing. The earlier (1922) design is illus- 
trated in Fig. 229. A central mild steel shaft, i, has a cast-steel spider, 
2, which carries a screen, 3, built in sections of brass wedge wire. 
The weight of these parts is taken by the thrust ball bearings, 13, 
and the shaft revolves in the lower ball bearings, ii, and the upper 
gun-metal bush, 12. The spiral scroll, 16, is fitted to steel plates 
and fan blades, 4, fastened to a distributing cone, 15, attached to 
the hollow cast-steel shaft, 14. The weight of these parts is taken 
by tlie thrust bearing, 18, and the hollow shaft rotates in the ball 
l)earings, 17. 

rhe countershaft, 23, actuates gears, 19, 20, and 21, 22, to drive 
th(‘ inner solid and the outer hollow shafts. I'he gears are made of 
h])t‘rial steel with spiral teeth, and are housed in an vVi bath in a gear 
33. d'he lowc‘r ball bearings, ii, and 13, are lubricated from 
grease’ cups. The outer casing, 28, has two removable sections for 
inspection, and to allow renewal of the screen .sections. 

('oal is admitted by the shoot, 36, and is thrown by the dis- 
triloutiiig cone on to the .screen from which it is scraped by the spiral 
scToll. rhe SCI oil inoreases in pitch towards the bottom, .so that a 
thinner layer of coal is produced on the lower levels of the screem, 
and dewatering is thereby aided. A current of air is induced by the 
Ian blades, 4, and is forced through the coal, leaving the outer casing 
through holes in the cowr, 27. The dewatered coal drops into the 
lower coned section of the dryer on to a conveyor, 'fhe water 
removed, together with some of the finest particles, is collected in a 
laundc’r in the outer casing and is run into a sump. In continued 
operation, the distance between the individual wires of the screen in- 
CK'ases through the abrasive action of the coal, and larger quantities 
of coal pass through until the difficulty of handling this material 
becomes so serious as to compel the renewal of the screens. 

The machine illu.strated operates at a speed of 600 r.p.m., and, 
with a diameter of 4 ft., would give a centrifugal force 240 times the 
force’ of gravity. Thci^scroll is composed of four " threads.'' 

This type of centrifuge was fust erected at Tin.sley Park Coiliery, 
ill 1922, and dewatered the coal from the drainage hoppers to a 
moisture content of 9 to 10 per ceiit. About 30 tons of coal were 
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handled per hour with a power consumption of about i h.p. per ton. 
The renewal cost of the screens proved to be somewhat expensive, 
and the design was adapted to attempt to overcome this difficulty. 

In the newer design the chief feature was the use of steel wedge 
wire in place of the brass wedge wire previously used. The height 
of the screen section was also considerably reduced, as will be seen 
from Fig. 230. The mild steel spiral was fitted with case-hardened 
steel renewable strips. The spiral was mounted on a cast-steel drum, 
and the gun-metal bush previously used at the upper end of the 
hollow shaft was replaced by a ball bearing. The gears were made 
of nickel-chrome steel, and the shafts of forged steel. A centrifugal 
oil pump was used to lubricate the driving gears. 

Even in the newer design, the wear of the screens proved to be 
considerable, for, as previously stated, the vertical alignment of the 
screen imposes a heavy duty on the scrapers in moving the coal 
downwards, resulting in an unavoidable wearing of the screens. 
1'he wedge-wire screens themselves are more costly to replace than 
the punched steel plates of the Elmore and the ('arpenter centri- 
fuges. Coal is not scraped off the screens so quickly by a spiral 
scraptT as by the series of vertical scrapers used in the Elmore 
dryer, so that a lower throughput is obtained. 'I'he thicker coal 
iay('r and the heavier duty on the scrapers increases the power 
required for a given throughput. 

The Carpenter Centrifuge. — 'I'he ('arpenter centrifuge was 
invented by H. 13 . ( arpenter, the superintendc'nt of the by-product 
l)lant of the ('olorado Iniel and Iron ('ompany, Pueblo, Colo., U.S.A., 
where six units have been in operation for lour years. The patent 
rights in (ireat Britain, the British Empire (except C'anada) and 
Continental Europt', have been acquired by the Woodall-Duckham 
Co., Ltd. 

The centrifuge is illustrated in Fig. 231. It differs considerably 
in design from the Pllniore and the Hoyle centrifuges, in that no 
subsidiary scraping device is used and complicated differential gear is 
not required. It consists .simply of a stepped, truncated cone fastened 
to a vertical shaft by spider castings at the top and bottom, 'riiis 
arrangement is .shown in mon* detail in Fig. 232. li^ach step of the 
cone comprises one screen. I'lie wi'ight is taken by a ball bearing 
at the top (Fig. 231) and the shaft rotates in upper and lower roller 
bearings, the upper bearing being hoirsed with the thrust bearing in 
a suitable cage. 'I'hese roller bearings also take the side thrust, and, 
with the ball bearings, are lubricated by grease from grease guns, 
'riic shaft is driven from a jailley on a countershaft through two 
bevel pinions in a g(’ar case, lubricated by an oil pump. In the 
latest design, the larger machines are driven by a direct-coupled 
motoi through a friction -coupling to the bevel-gear shaft. 

The wet coal is fed into the feed hopper, A, by a constant 
feeding device on to a distributing disc, 13 , whose distance from the 
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cone may be adjusted by the set screws seen below the disc. I'hc 
coal is flung from this disc on to the first scretm, C, from which it 
works its way down to the first step, E, Fig. 231 (seen more clearly 



in Fig. 232). Here set of serratad teeth Invaks up tli(‘ coal mass, 
after which it is flung on to the second screen, 1^. The coal mass is 
again broken up at the successive steps by the serrated teeth, F. 
and is successively treated on J:he screens, E^, etc., before it 
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drops into the delivery liopper, (i (Fig. 231). The coal is subjected 
to centrifugal force, which increases with increasing diameter of thi‘ 
centrifuge. As the water content of the coal is reduced, the coal is 
subjected to a greater centrifugal force. This arrangement confers 
to the Carpenter machine an advantage (shared by the Elmore 
centrifuge to some extent) over the Hoyle dryer (in which the centri- 
fugal force is at a maximum on tlie first impingement of the coal on 
the screen) for the gradual increase in the centrifugal forc^ used has 
the desirable result of reducing the local wear of the screens. 'I'he 
water passing through the screens is collected in a laiindcT and 
removed through two outlets, H (Fig. 231). 

The screens arc made of J-in. steel plate with J-in. holes, spaced 
f\r in. between centres, and are renewable in .sections. In th(‘ 
centrifuge installed at Nunnery Colliery, Sheffield (T. A. Long, (jas 
World, 1926, 84 (Coking Section, June), 17), about 5 per cent, of fun' 
coal (slurry) passes through the screens with the effluent w\ater. If 
this slurry were allowed to run directly into settling ponds, over 
15 tons would be produced per day, and the handling and disposal 
in bulk of this quantity would prove expensive ; moreover, it would 
prove wasteful, for such material contains over 30 per cent, of water 
and aggregates in masses, which, if charged to the coke ovens, 
causes stickers.” 'I'he effluent is therefore pumped to a dewatering 
screen of in. mesh at the top of tlic storage bunker, and the 
dewatered solids are added to the washed coal for retreatment in 
the centrifuge. 'Fhe effluent water, containing only a small amount 
of solids in suspension, is then run to settling troughs, and any 
further solids deposited are returned to the bunker onc(‘ more. 
Although then' is a constant rehandling of about 13 tons of material 
per day, this is the best way of dealing with it, for the slurry is 
then admixed as uniformly as possibk* with the undried coal, and, 
moreovtT, is siilqected to a s(‘Cond treatment in the centrifuge before 
charging to the ov('ns. 

Whc'U th(' machiiK' was first installed at Nunnery it was run at 
a .spec'd of 350 r.p.m., and reduced the moisture contcait of the coal 
(through ^ in.) to about 5 ])er cent. At this spew'd the coal was 
broken up so much that it was unnecessary to us(' the crusher before 
charging the ('oal tf) tlu', ovens. To rediu c' the breakage, and so to 
avoid undue wear of the machine, its speed was rc'duced to 270 r.]).in., 
at which .spaced the coal was dewatered from 18 or 20 per ('cnt. to 
6 or 7 per cent. Forty tons of coal were treated per hour, with a 
f)ower consumption of under i h.j). per ton of coal treated, '['hv 
im^akag(' of the coal on (‘entrifiiging is shown by the following per- 
centage figures : -~ 
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In a period of nine months, 70,000 tons of coal were treated in 
the centrifuge. Two shifts were worked per day, and the centrifuge 
was worked for about four hours of each shift. During this period, 
the top section of the screen was renewed twice, and the second and 
third sections once, the original bottom section being unchanged, 
The serrated teeth in each section were renewed once. The total 
cost of repairs amounted to o*i2^^. per ton of coal treated. 

At the Pueblo Works of the Colorado Fuel and Iron Company, 
the coal treated in the centrifuge contained an average of 90 per cent, 
of material through j in., 60 per cent, through J in., and 15 per cent, 
through .I2 in. A series of tests made over a period of seven months 
gave the results recorded in I'able 133 (F. J. G. Duck, Coal Age, 
1927, 31, 219). 


Table 133. — Results of Dewatering at Pueblo, Colo. 


Water per cent, in Coal. 

Before After 

Trcdinient. ^'realmcnt. 


Per cent, of 
Original 
Water 
Kemoved , 


Maximum dewatering . 
Minimum dewatering . 
Average dewatering 


22-4 

if)-S 

19*9 


6-2 

47 

.5*5 


79-0 

70*0 

72*8 


The centrifuges at Pueblo are said to have an average capacity 
(;f 100 tons per hour per unit, using 75 h.p. at a speed of 360 r.p.m. 

The Carpenter centrifuge is the simplest of all the centrifuges 
described ; mor(K)V(^, the results obtained for dewatering are as 
good or even better than those reported for other centrifuges 
separating at much higher speeds, and of more complex design. 
The co.st of renewals of those parts subjected to the greatest wear is 
]:)robably smaller than for other centrifuges which have been tried 
in Great Britain. This is no doubt due to the u.se of simple steel 
plates, but also to the absence of a scraping device, for a layer of coal 
is always left on the screens to protect them from undue wear. 
Nevertheless, the working results show that the outward passage of 
water is not prevented. The large angle of inclination to the vertical 
of the screen surface, by deflecting the coal in a downward direction 
after impact on the screen, is probably one 'of the chief factors that 
allow a scraping device to be eliminated. I'he impact on the screen 
surface is also less direct than in the Hoyle or Elmore centrifuges, 
thus reducing wearing of the screen plate. 

Four Carpenter centrifuges are in operation in (ireat l?rilain, 
and are giving satisfactory results. As previously noted, the 
power consumption of the Carpcitter centrifuge, per ton of coal is 
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higher than in the Elmore centrifuge, in spite of the fact that only 
one drive is used. The absence of a scraping device produces 
thicker coal layers on the screens, which cause a higher consumption 
of power, but reduce the wear on the screens, which are protected by 
coal. This compensation, which reduces the liability to breakdowns, 
is probably well worth the extra power consumption involved. 

The Simplex Centrifuge. — Another continuous centrifuge which 
heis been used at the West Ardsley Colliery, near Wakefield, Yorkshire, 
is the Simplex, invented by Mr. Fabry, of the Simplex Coke Oven Co., 
Ltd. , Sheffield. Unlike the other centrifuges described, the axis of the 
machine is disposed horizontally (Fig. 233). The horizontal shaft is 

connected by a spider 
wheel, A, to a trun- 
cated conical shell, to 
which a short cylindrical 
screen, G, is attached. 
The screen is composed 
of a series of circular 
bars held in position 
by grooved distance 
pieces bolted to cir- 
cular angles, which are 
riveted to the conical 
shell. The wet coal is 
fed into the machine 
through a shoot into a 
feed worm, c, which is 
bolted to the spider 
wheel and revolves with 
tlKj shaft in the worm 
casing, 1 ). The outlet 
end of the worm casing 
is cut helically to distribute the wet coal uniformly over the inside 
of the conical shell. A circular plough rotates on an idle shaft 
which is bolted to the casing and (as shown in Fig. 233) is inclined at 
an angle of 4 deg. from the vertical. 'I'he plough, which has a clearance 
of about I in. from the screen, moves the coal towards the outlet. 

The coal from a trough washer is drained on a drainage con- 
veyor and falls into the centrifuge hopper. The centrifuge, operating 
at 470 r.p.m., treats an average load of 20 tons of wet coal per hour, 
consuming 16 to 21 h.p. in dewatering the coal from 20 per cent, to 
9*5 per cent. When the centrifuge was overloaded by 100 per cent., 
the same horse power was used, and wet coal was dewatered from 
28-2 per cent, to io-8 per cent. An average of four daily tests shows 
that coal of 15-2 per cent, initial water content was dewatered to 
8-0 per cent, of water. The following figures show the breakage due 
to centrifuging : — 
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Size (in.). 

Before Treatment. 

After Treatment 

A' 

325 

15-2 


331 

I9-I 

l~lTi 

i8-5 

27-5 

A"“2V 

5-8 

157 

<‘A 

10*1 

22-5 


The .Wendell Centrifuge was invented by Mr. C. A. Wendell, 
of the Illinois Steel Company, and is made by the Link Belt Company. 
It is illustrated in Fig. 234. It consists of an inclined screen carried 
by a hollow shaft which is driven by bevel gearing from the top of 
the centrifuge. A solid shaft, inside the hollow one, carries two feed 
spouts which deliver the wet coal from a hopper on to the screen. 
Below the feed shoots the solid shaft carries a collar with arms, to 
which doors are hinged. 'I'hese doors may be either in a horizontal 



position, when they almost touch the screen and hold the coal in 
the machine, or they may be opened by cams, fixed near the lower 
end of the solid shaft, to allow the coal to be discharged. The 
hollow shaft carrying the screen is driven slightly faster than the 
solid shaft carrying the feed spouts. As each door opens and dis- 
charges part of the contents of the machine, the following feed 
spout fills up the space again. The coal is therefore retained in the 
machine for a predetermined period and then discharged auto- 
matically. 

In 1915 there were three machines in operation at the works of 
the Woodward Iron Company, where the washed coal was said to be 
dewatered from 30 or 40 to 8 per cent, water content (Gas World, 
1915 (Coking Section, October), 18). The centrifuge is said to have 
passed through its experimental 'stages in 1910. One machine, in 
1919, was treating 45 to 50 tons of coal per hour, using 18 td 20 h.p., 
although a 35 h.p. variable speed motor was used for starting* 
(R. Gunderson, Gas World, 19^9 (Coking Section, August), li). 
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Raw coal, through a ] or in. screen, and containing 22 to 28 per 
cent, of water, was fed to the centrifuge and^dewatered to 8 or 10 
per cent, of water at a speed of 240 r.p.in. Monel metal screens were 
used. 

DRYING BY HEAT 

The term " dryers ” is, strictly speaking, only appropriate when 
applied to those appliances by means of which coal can. be com- 
pletely dried, and not to appliances which only reduce the water con- 
tent of coal or “ dewater '' it. All true dryers use direct or indirect 
heating and are generally of the rotating cylindrical type. They 
have been mostly employed for drying coal for pulverised-fuel firing, 
and arc more suitable lor this purpose than for dewatering washed 
small coal for coke manufacture. A rotary dryer of the Ruggles- 
Coles type has, however, been used in (Germany for drying the con- 
centrate from a coal froth -flotation plant. It will therefore be of 
interest to describe one or two types of these dryers and to compare 
them with approved types of centrifuge. 

The Ruggles-Goles Dryer. — The Ruggles-Coles dryer has been 
used for drying a large number of minerals and heavy chemicals ; 
its use for coal drying has so far been restricted to thci particular 
conditions required for pulverised-fuel firing plants, 'fhe dryer was 
developed by the Ruggle.s-Coles Company of America, and was 
built in (ireat Britain by Electro-Metals, Ltd., and the Boving 
Engineering Works, Ltd., until 1924, when the European rights, 
except for the name “ Ruggles-Coles,'’ were acquired by Edgar 
Allen & Co., Ltd., Sheffield. The dryers are built to a number of 
different designs, but in all of them single or double cylindrical shells 
are u.sed. Indirect heating at a low temperature by steam, or at a 
higher temperature by hot flue gases, are sometimes employed, and 
direct heating by hot air is the means adopted in another type. 
The highest drying efficiencies are obtained, however, by employing 
direct heating with hot flue gases, and it is this class of dryer which 
is used for coal. The coal dryer, illustrated in Fig. 235, consists of 
two long concentric steel plate cylinders set with the delivery end 
slightly lower than the upper feed end. 'fhe two cylinders are 
rigidly connected at their mid-lengths by six cast-iron braces 
(Fig. 236). Additional support is given by the provision of swinging 
braces at one-quarter lengths of the barrel, on either side of the 
fixed support, as well as at the lower end of the internal shell. This 
arrangement allows differential expansion of the two cylinders 
without the straining of joints. The outer cylinder has two steel 
tyres riveted to it, each of which is supported on four bearing wheels 
of chilled iron. The bearing wheels are arranged in pairs on rocker 
arms, ’^/hich are supported on heavy cast-iron bases. One of the 
bases is also fitted with two thrust wheels, which operate on either 
side of one steel tyre to prevent loiigitudinal movement of the shells. 
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A gear ring riveted to the outer shell near one of the tyres engages 
with a pinion on a cross {or a direct) drive. 

Twelve lifting flights are equally spaced in the cross-section of 
the outer shell and arc extended along the whole internal length. 
Six lifting flights are similarly fitted on the outside of the inner 
cylinder (see Fig. 236). The inner cylinder is extended at the upper 
end to receive hot flue gases from a furnace, and is brick-lined to 
prevent excessive wear and heat losses. The upper end of the 
annular space between the two cylinders is connected to a fan 
mounted on the top of the furnace. Through the fixed end casing a 
feed shoot supplies the wet coal to the annular space. 

The hot flue gases, admixed with air, pass through the 
inner cylinder and return through the annular space to the 
exhaust fan. As the dryer rotates, 
the wet coal is lifted by the radial 
flights of the outer cylinder and is 
dropped on to the hot inner cylinder, 
where it is retained for about half a 
revolution. This operation is repeated 
a number of times as the coal travels 
to the lower end of the dryer. At the 
lowcT end, a series of buckets dis- 
charge? it through a central delivery 
orifice. The wet coal is thiTeforc 
subjected to indirect heating as the 
hot flue gases traverse tlie inner shell, 
but is directly heated by the cooler 
flue gases as they pass through the 
annular space to the fan. The tem- 
jierature of the hot gases entering the 
inner shell is adjusted, by air addition, 
to a temperature of about 730“ C., 
which is reduced to about 180 C. at the end of the inner cylinder, 
and to 65^' ('. at the exhaust fan. 

riie largest dryer of this type has an external diamet(T of 7 ft . G in. 
and a barrel length of 55 ft., and a capacity of 20 tons of coal per 
hour. 3 'he over-all ground space oexupied by the barrel and furnace 
is 74 ft. 2 in. by 12 ft. 4 in. The speed of revolution is 12 r.p.m. 1 he 
evaporation efficiency is about 75 per cent, of the heat of the fuel. 
The power required to rotate the barrt'l and the elevators would be 
20 to 25 h.p. for the size considered, with a further 5 h.p. to exhaust 
the very large quantity of steam and waste 'gas. 

The Rhineland Dryer. — The Rhineland dryer (F;g. 237), con- 
sists of a .single horizontal cylindrical shell which rotates about its 
axis ; the interior of the drum is honeycombed by plates to*form a 
series of communicating cells. Hot ga.ses pass through the drum 
from end to end, and the feed co^l is dropped frtan cell to cell, as it 
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IS lifted by the rotation of the drum and falls by gravity. Intimate 
contact between the coal and the heating gases is therefore obtained, 
and practically all the cross-section of the drum is utilised for heat 
transfer. 

The Biittner Dryer. — I'he Biittner cylindrical dryer is similar 
in some respects to the Rhineland dryer in dividing the cross-section 
of the cylinder into a number of cells. This is arranged by using five 
continuous stepped plates across the full width of the cylinder, with 
a cross-plate through the middle of each step. In an end view there 
are five rows, each made up of five + units. In addition, lifting arms 
are disposed on the internal periphery of the cylinder, d'he material 
fed to the dryer falls from one unit to another, and comes into 

direct contact with hot flue 
gases passing through the dryer. 
The waste gases are withdrawn 
by a fan and are forced through 
a cyclone dust extractor to settle 
the dust carried over. 

The Biittner dryer was in- 
troduced in igo5, and since 
then over ()00 units have been 
erected, mainly at sugar fac- 
tories. It is also used for dry- 
ing inorganic materials, and 
many units have been supplied 
for drying brown coal, lignite, 
bituminous coal and slurry. 

The Pehrson Dryer. — The 

Pehrson dryer has been used 
successfully in Swc'den for dry- 
ing fine charcoal. Its application to coal drying is now being 
examined in England on a semi-large scale. 'Fhe dryer illustratecl 
in Fig. 238 con.sists of a rotating horizontal drum, with an internal 
broken cylinder made up of a system of louvres, to which hot gases 
at a temperature of about 400*^' C. are supplied. The hot gases are 
forced through the louvres and through the coal and are exhausted 
by a second fan which discharges into a cyclone extractor to remove 
the dust carried forward. 

The H. H. Dryer. - The 11. H. dryer is cylindrical, but, unlike 
those previously described, is dispo.sed vertically and is stationary. 
It has been galled a gravity dryer, because the wet coal is fed in at 
the top and works its way down to the bottom partly through the 
agency of gravity. The cylinder is divided into a number of com- 
partments, each of which consists of a horizontal tray with an 
inverted metal cone above it. Co'al is fed into the cone of the upper 
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compartment and falls on to the first tray. Excessive breakage of 
coal, with its accompanying dust nuisance, is avoided by employing 
the cone to break the fall of the coal as it passes from one compart- 
ment to another. The coal is scraped by rotating rabbles from one 
tray to its outer edge, and falls into the cone of the compartment 
below, and so on. The cones arc perforated, and a current of hot 
flue gases, passing up the dryer, comes into intimate contact with 
coal particles as they pass over each tray and drop from one com- 
partment to another. The waste gases are discharged at a tem- 
perature above the dew-point through a cyclone. The dried coal is 
removed from the dryer by a worm conveyor. 

The Lopulco Dryer. — The I.opulco vertical steam dryer was 
introduced to overcome some of the disadvantages sometimes 
experienced with dryers using hot flue gases, in which, it is said, 
risk of firing arose if the temperature of the flue gases rose unduly. 
One disadvantage of horizontal cylindrical dryers is the excessive 
ground space occupied. The Lopulco dryer consists of a stationary 
outer casing disposed with its axis vertically. An internal rotating 
frame carries sixteen circular tables, arranged in tiers, which nest 
one into another by suitable lugs, thus avoiding the use of bolted 
connections. Each table is made of cast iron, and has a set of steam 
coils cast inside it, the steam pipes being connected to inlet feeders 
and drainage openings in the central revolving frame. Steam is 
supplied to the inlet feeders through the hollow driving shaft, and, 
after passing through the table coils, escapes tliiough the main 
drainage pipe. I'hc inner revolving frame is driven by a pinion 
which engages on an internal rack fitted to a spider casting at the 
top of the dryer. Raw coal is fed to the dryer by means of a plough 
and a revolving table. The coal is .spread uniformly over the first 
table by a spreader bar. Towards the end of one revolution the coal 
is scraped off into a shoot which discharges it on to the table below, 
where it is distributed uniformly by a second spreader bar. The coal 
passes from table to table, and is finally discharged from the bottom 
of the dryer. Air is admitted through perforations in one section 
of the outer casing of the dryer and passes over the coal on each 
table. The air is withdrawn from the dryer from above each table 
to a common collecting main and is discharged by a fan through a 
cyclone. By making separate air admissions to each compartment, 
the gas velocities are low, so that little dust is carried away. This 
dryer has been installed at a number of power stations where 
pulverised fuel is employed. The capacity is tons per hour, and 
50 lb. of steam are used per i per cent, of water removed. The 
ground space occupied is about ft. by 10 ft. 


Comparing a direct heat dryer with a centrifuge for the same 
duty, the centrifuge would absorb, say, 40 h.p. in dewatering 40 tons 
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of coal from 12 to 7 per cent, of water. 'I'lie ground space occupied 
would be about 10 ft. square. Kugglcs-Coles dryers to handle the 
same amount of coal would require, say, 50 h.p. for driving the two 
barrels, and the fans. The fuel required, in addition to the power 
for driving, would be 512 lb. of coal (of 13,000 B.Th.u. per lb.), or 
546 lb. of coke breeze (12,250 B.Th.u. per lb.) assuming 75 per cent, 
efficiency. The ground space ncccs.sary would be at leeist 75 ft. by 
25 ft., and a separate building would be essential. It is clear, there- 
fore, that for dewatering large quantities of coal for coking purposes, 
the Riiggles-Coles dryer cannot compete with an efficient type of 
centrifuge. 

On the other hand, centrifuges have not been found to be ser- 
viceable for very small sizes of coal — slurry — which is the material 
for which dewatering is most essential. Slurry will retain, say, 30 
per cent, of water even after dewatering on a jigging screen. I'he 
po.ssibility of dewatering this material in a direct heat dryer is 
therefore worthy of consideration. Slurry containing 30 per cent, 
of water has not an appearance of wetness, but will, nevertheless, 
aggregate in lumps which cannot be evenly admixed with the rest 
of the coal. 

To make .slurry as useful as the larger sizes of a coking coal 
for coke manufacture it should be dewatered to the same extent, 
namc'ly to a water content of not more than 10 per cent, 'riie 
amount of slurry produced in a washery handling 100 tons of coal 
per hour varies from, say, 5 to 30 tons per hour, according to the 
friability of the coal. To treat 20 tons of slurry per hour, draining 
it to 30 per cent, of water on a jigging screen, and drying the drained 
coal by heating, to a moisture content of 10 per cent., the following 
fuel and power requirements would have to be met. Assuming 
a 75 per cent, efficiency, the 4 tons of steam produced per hour would 
require the burning of 1,024 lb. of coal slack,* or 1,092 lb. of coke 
breeze. This is equivalent to the duty of a 30 ft. by 9 fi. Lancashire 
boiler, and gives an idea of the magnitude of the task. Ihe volume 
of the steam (at lOo"" C.) and of the waste gases (at 50'’ C. and 
containing 8 per cent, of CO2) would be 10,200 cu. ft. per min. 
The fan capacity necessary to handle this quantity would be 
very great, and 15 to 20 h.p. would probably be neces.sary for the 
fan itself. A big disadvantage of handling these large quantities of 
gases, with the consequent high velocities attained in the barrel, 
would be the possibility of carrying away fine material with the 
exhaust. The barrel and elevators would absorb 25 to 30 h.p., so 
that it is clear that at least 2 h.p. would be required per ton of wet 
slurry. A fuel consumption of approximately ^ ton of coal (or 
coke breeze) per hour for the production of 16 tons of slurry con- 
taining 10 per cent, of water woifld also be required. 

In *spite of the large power and fuel requirements, the large 
ground space occupied and the capital and labour costs, it may well 
be that the adoption of such a scheme of dewatering slurry would 
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prove a profitable undertaking. The slurry problem would be 
definitely solved, the working of the ovens would not therefore be 
interfered with, the coking time would be reduced, and the output 
per oven increased, and less coke breeze would be produced. With 
turbine grates, coke breeze could be used as the fuel for drying. 

DRYING BY OTHER METHODS 

The Minerals Separation Process. — Another method of dewater- 
ing which has been devised for dewatering the product from a froth- 
flotation plant, is based on quite different principles to the ones 
already recorded. The method was described by L. A. Wood {¥roc. 
Cleveland Inst. Eng., 1923, p. 13), and in B.P. 222,221. 

The method makes use of the preferential wetting of coal sur- 
faces by liquid hydrocarbons so that water films may be displaced 
from the coal surface and the water, being then only mechanically- 
entangled among the coal particles, may be displaced by pressure or 
suction. In the patent specification the hydrocarbons specified 
are oil, pitch and tar, which are agitated with the flotation product 
in amounts of 4 or 5 per cent., the product being then subjected to 
pressure. One form of apparatus used consists of two endless belts 
of coconut matting which arc revolved by suitable pulleys. The 
upper surface of one belt and the lower surface of the other belt are in 
juxtaposition, and the coal, after oil treatment, is fed between the 
two belts. Pressure is applied to the coal by rollers fixed above 
and below the dewatering sections of the belt, by the adjustment 
of vertical rods on the sliding journals of the roller spindles. 

At Aberaman, Wales, after agitation with a mixture of 5 per 
cent, of tar and pitch, coal was dewatered from 40 per cent, to 21 
per cent, under a pressure of 7 lb. per in. of roller width. By increas- 
ing the pressure from 7 lb. per in. width of the first roller, to 14 lb. 
per in. at the fourth roller, coal was dewatered from 36 to 18 per cent. 
At Ashington, Northumberland, using only two rollers, coal was 
dewatered from 27 to 20 per cent. The product does not stick to 
the rollers and may be easily handled by an ovoid press. 

By the application of higher pressures in presses the following 
results are said to be obtained. 


Pressure 


Water 

(Tons per sq. in.). 


per cent, in Product. 

I 

. 

. 9-6 

ii . 

, 

. 8-2 

2 

, 

. 6-9 

3 • 

. 

. . ' . 5-8 

4 .• 

• 

... .5-3 
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WASHERY WATER 

General.— The water used for coal washing is usually collected 
by surface drainage into ponds or is pumped from pit workings. 
Town water is usually too expensive except in special circumstances. 
Some pit waters from deep colliery workings are heavily impreg- 
nated with mineral salts and are therefore unsuitable, but waters 
obtained by surface-drainage or from shallow colliery workings 
usually contain only small quantities of dissolved mineral salts, and 
are therefore satisfactory. 

In a Baum washer of 75 tons per hour capacity, 120,000 gallons 
of water are required to fill the pipes and tanks of the washery 
system. In the washer of 150 tons per hour capacity, 230,000 
gallons of water are required. When the washery system is filled 
with water, the pumps circulate water from the top of the settling 
tanks to the wash-boxes and the water returns from them by 
gravity to the settling tanks. In a Baum washer of 75 tons per 
hour capacity, the whole of the water in the system is circulated 
in an hour, or 2,000 gallons are circulated per minute (1,600 gallons 
per ton of coal). In the washer of 150 tons per hour capacity, 
about 3,300 gallons of water are circulated per minute, or 1,330 
gallons per ton of coal. In a Rheolaveur washer of 60 to 80 tons 
per hour capacity, about 1,700 gallons of water are circulated per 
minute, or 1,260 gallons per ton of coal. In ' Rheolaveur washers 
of from 125 to 150 tons per hour capacity, about 2,250 gallons of 
water are circulated per minute, or about 920 gallons per ton of coal. 
In simple trough washers (of low capacity) the amount of water 
circulated may vary from 750 to 3,000 (or more) gallons per ton 
of coal washed. In Elliott trough washers from 1,600 to 2,000 
gallons of water, and in Blackett washers 2,000 gallons (or more) 
of water are circulated per ton of coal. In washers of every 
type, make-up water must be added to compensate for the amount 
removed in the washed -coal. This quantity is almost inde- 
pendent of the type of washer used and depends mainly on the 
fineness of the coal and the provision made for drainage. Gene- 
rally, on leaving the primary dewatering screens or elevators, the 
total washed products (nuts, smalls and refuse) contain an average 
of about 10 per cent, of water, zEnd from a washer treating 100 tons 
of coa^ per hour, about 10 tons of water will therefore be removed 
per hour. Make-up water at the rate of about 40 gallons per 
minute must be added, and may be admitted at the top of the 
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slurry-settling tank, or overhead water-supply tank, or as a spray 
on the washed-coal dewatering screens. 

Water Supply. — The choice of water-supply for washing purposes 
is usually governed by financial considerations, but the water 
should not contain much suspended or dissolved material. Dis- 
solved salts may corrode the metal work of the washery pumps 
or of the hoppers and wagons into which the coal is loaded. More- 
over, contaminated water may damage the walls of coke ovens, 
and may spoil the appearance of washed coal when the water 
evaporates from the surface layers. 

The analyses recorded in Table 134 refer to three possible sources 
of supply for a certain washery, namely, town's supply, water 
pumped from shallow colliery workings, and waste liquor collected 
in a pond. This last source was unsuitable and is only given for 
comparison. 


Table 134. — Analysis of Different Waters 



Town 

Water. 

I Shallow 

1 Workings 
Water. 

Waste 

Liquor. 

Solids in suspension . 

Nil. 

Nil. 

Nil. 

Dissolved solids (gin. per litn^) . . | 

o-oh 

2-o8 I 

7-27 

Degrees hardness — 




Temporary 

I 

34 

3 

Permanent 


32 

294 

Total «... 

if) 

66 

297 

i 


Dissolved Salts. — The analysis of a water pumped from shallow 
colliery workings was given by Kees (Coke Oven Managers’ Year 
Book, 1920). His figures are recorded in Table 135, together with an 
analysis of the water after it had been in circulation in a washery 
(in which the raw coal contained 0*37 per cent, of sodium chloride), 
as well as the analysis of the water draining from the washed slack 
hoppers. 

Rees also suggested probable combinations of the constituents 
isolated : in 'Fable ijb his results are calculated as a percentage of 
the total solids. 

The principal dissolved salts in these waters were sodium chloride 
and sodium sulphate, which increased in concentration with con- 
tinued use of the water. The fresh water contained 0-07 p«r cent, 
of chlorine, expressed as sodium chloride, the washery water in 
circulation 0*24 per cent., and the hopper drainings 0*30 per cent. 
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Table 135. — Analysis of Washery Waters (gm. per litre) 



Fresh 

Water. 

Water in 
Cir- 
culation. 

Drainings 

from 

Hoppers. 

Lime (CaO) ...... 

0-154 

0-095 

0-102 

Magnesia (MgO) ..... 

0-143 

0-108 

0-098 

Sodium Oxide (NagO) .... 

0-304 

1-078 

1-402 

Potassium oxide (K2O) . 

0-028 

0-033 

0-038 

Chlorine (Cl) ...... 

0-274 

0-928 

i-i8o 

Sulphuric anhydride (SO3) 

0-480 

0-593 

0-626 

Carbonic anhydride (CO3) 

0-069 

0-051 

0-044 

Iron oxide (FcoOg), and alumina (AI.2O3) . 

0-002 

o-oo6 

0-013 

Silica (SiOa) 

0-012 

0-014 

0-018 

Total solids 

1-469 

2-780 

3*290 


Table 136, — Probable Combination of Constituents in 
Washery Waters per cent. 



Fresh 

Water. 

Water in 
Cir- 
culation. 

Drainings 

from 

Hoppers. 

Sodium chloride (NaCl) .... 

32-3 

57-9 

59-0 

Sodium sulphate (NagSO^) 

10-7 

19-8 

23-3 

Magnesium sulphate (MgSO^) . 

25-6 

lo-o 

7*9 

Calcium sul]3hate (CaS04) 


1 fl-4 

5-0 

Potassium sulphate (K2SO4) 

3-7 

2-3 

2-2 

Calcium carbonate (CaC03) 

6-8 

2-1 

1-9 

Magnesium Carbonate (MgCOg) 

3-6 

1-5 

0-7 


The increase in the salt content is, of course, due to the extraction of 
soluble salts from the coal. Green (C.O.M.A. Year Book, 1920) 
records an example in which the dissolved solids in washery water 
increased from o-i6 to 070 per cent, in a week’s wa.shing, the increase 
being mainly due to the sdlution of .sodium chloride. Extraction 
of salt by the wa.shery water occurs chiefly with coals which are won 
from deep pits. In general, considerable salt accumulation occurs 
in washery waters in South Yorkshire, Derbyshire and Stafford.shire, 
but in Durham (where the coals are usually won from shallower pits) 
the salt problem ” does not arise. * 

At fome washeries, where fresh water supplies arc not easily 
obtained, salt is allowed to accumulate in the washing water until 
it attains a concentration of i-o pen-cent. In others, it is not allowed 
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to accumulate to a concentration greater than 0*25 per cent., and 
when this arbitrary point is reached, the whole of the water in the 
washery system is run to waste (usually at the week-end). 

Acid. — Other impurities which may be added to washery water 
during washing are ferrous sulphate and sulphuric acid, resulting 
from the oxidation in moist air of iron pyrites (marcasite). Iron 
pyrites occurs in coal in two forms, pyrite and marcasite. Pyrite, 
which has a specific gravity of about 5-1, crystallises in cubes and 
is only oxidised slowly in air. Marcasite, which has a specific 
gravity of about 4*8, forms rhombic crystals, and is oxidised com- 
paratively rapidly in air. Marcasite is found in thin sheets in the 
cleat of some coals, and lumps of such coals may be partly covered 
with diill yellowish-brown layers of marcasite. 

With such coals the washery water becomes acid, and consider- 
able damage may be done to the metal work of the washery if the 
acid is not neutralised. In one case known to the writers, cast-iron 
pipes I in. thick were corroded until they became perforated or 
reduced to wafer thickness, necessitating complete renewal of the 
pipe system and the pump. The actual percentage of acid present 
was only of the order of o*02 per cent., but this was sufficient in its 
cumulative effect to do the damage described. 

The effect of weak sulphuric acid on cast iron was studied by 
immersing test pieces in acids of varying concentrations for a period 
of a week, the acid being renewed daily. The results of these tests 
are recorded in Table 137. 

Tablic 137. — Effect of Sui,phurtc Acid in Washery 
Water on Cast Iron. 

Strciigtli of Acid (per cent.). . Loss in Weight of Test-pieces (per cent.). 


0 0000 

0-017 

0-0025 

0-015 

0-0050 

0-005 

0-0075 

0-022 

0-0 1 00 

0-062 

0-0125 

0-0S4 

0-0150 

00()I 

0-0175 

0-145 

0-0200 

0-257 

0-0250 

0-182 

0-0500 

0-452 

0*1000 

0-819 


The loss in weight of the first two test pieces was due to rusting, 
the rust being removed in washing and drying the iron before weigh- 
ing. The action of the acid is apparent in the subsequent* tests. 
From these results it was obvious that corrosion occurred with the 
most dilute solutions of sulphuric acid, and, to overcome this, 
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sufficient lime was added to maintain the water alkaline. Occasional 
shovelfuls of lime were added as the coal was emptied from wagons 
into the raw coal hopper. Regular tests were made of the washery 
water and, if more than o*oo2 per cent, of acid was found in succes- 
sive tests, the amount of lime added was increased. 

The acidification of washery water through the oxidation of 
marcasite is, fortunately, only a rare occurrence, but when a new 
type of coal is washed, the possibility of acid formation should be 
carefully watched. 

Suspended Solids. — In continued use, the effective specific 
gravity of wa.shery water increases owing to the suspension in it 
of solid particles which do not obey the '' normal '' laws of fall. 
Particles below a critical size fall in water so slowly that the slight 
agitation caused by the constant circulation of washery water con- 
taining them is sufficient to cause them to remain in suspension. 
It has previously been pointed out that in ordinary practice this 
leads to le.ss efficient washing. If the washed .small coal, on passing 
to a drainage hopper, contains, say, 20 per cent, of dirty water, 
further contamination of the wa.shed coal results, for the dirt is 
filtered out by the coal whilst the water drains away. 

When washed coal containing 20 per cent, of water passes to 
drainage hoppers, the solids filtered out of the washing water may 
increase the weight of the coal by 2 per cent. If the solids con.si.st 
of coal and dirt in equal proportions, the ash content of the coal 
would probably be increa.sed by 0*5 per cent, solely on account of the 
contamination cau.sed by the dirty water. Moreover, the finely- 
divided dirt material, which spreads over the coal particles, hinders 
drainage. For this reason, it is a common experience to find that 
the water content of the washed fine coal is greater at the end of a 
week, when the w^ater is dirty, than at the beginning, when it is 
clean. This defect might be remedied entirely if sufficient fresh 
water wore available to sj)ray the washed coal as it passes along a 
drainage conveyor or over the drainage screen. In coking practice, 
where the added water increases the coking time in the ovens, this 
use of fresh .spray water would usually be profitable, even when the 
cost of frequent water replacement cannot be faced. 

The figures in Table 138 show the increase in the amount of 
solids in suspension in the washery water during an eight-hour 
washing shift with a Baum'.wa.sher. 

It will be seen from these figures that the percentage of total 
solids in the washery water leaving the top of the settling tank 
increases from hour to hour with the duration of working, and 
that the nature of the solid particles in the water changes, .so that 
it containsi a greater proportion of clay or dirt material. The figures 
recorded in Table 139 refer to another Baum wa.sher. The per- 
centages of solid material in the water entering and leaving the 
settling tank were noted during six-day washing test. 
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Table 138. — Contamination of Washery Water during 
AN Eight-hour Shift 


Time from starting (hours) 

0 

4-5 

7-5 

Per cent, of total solids in water 

1-24 

3-50 

5-4 

Dirt, per cent, of total solids 

1 

II-3 

48-6 

1 

f>5-3 


Tabi.e 139. — Contamination of Washery Water during 
A Six-day Period 



Per cent, of Solids in Water. 


Day. 



Per cent, of 

Knte^lnf^ 
Settling Tank. 

I.eaving 
Settling Tank. 

Solids Settling. 

1st 

2-80 

2-50 

10-7 

2nd . . i 

6*56 

6-50 

i-o 

3rd 

«-37 

7 -so 

10-4 

4th 

8-48 

775 

1 10-9 

5th . 

13-00 

«-45 

1 35-0 

6th . . 1 

15-00 

9-45 

37-0 


It will be seen from these figures that the percentage of solids 
in washery water increases with continued working ; after the 
second day, however, the increase in the percentage of solids in the 
water actually used in the washer (leaving the settling tank) is 
only slow. A point of particular interest is the fact that very 
littie of the solids settle from the water until the concentration is 
over 10 per cent., when con.siderable quantities are removed. 

Drakeley {Trans. Inst. Min. Eng., 1917- 18, 54, 457) records 
figures for an examination of fifteen .samples of washery water 
taken from different washeries in the Lancashire coalfield. The 
.specific gravity of the washery water varied from i'009 to 1-138, 
and the water contained from 1-7 to 39-3 per cent, of solid particles 
(slime) in su.spension. The .si)ccific gravity of the filtered washing 
waters varied from i-ooi to 1-007, showing that dissolved salts 
were present in all of them. 'J'he percentage of ash in the recovere<l 
slimes varied from i6-o to 45-7 per cent. The average results for 
the fifteen samples were as follows : — 

Specific gravity of the washing wat6r . 1-036 

Specific gravity of the filtered washing 
water .' . • * • • I'OO^ 

Per cent, of slime in washing water . 10-31 * 

Specific gravity of the slime . . . 

Percentage of ash in slimef . . 26-9 
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These slimes do not readily settle in ordinary slurry-settlirig 
tanks whilst the washer is working. When the washer is standing, 
some of the slimes settle, and may be removed from the washing 
system, but sometimes several days are required to effect a complete 
clarification of the water. For this purpose the washing water 
may be remov^ed from the washcry and run into settling ponds. 
Other methods (T clarification are the use of rotary vacuum filters 
(Chapter 26) and the addition of flocculating materials. 


CLARIFICATION 

Washery water is usually clarified in spitzkasten (Humboldt, 
Rheolaveur, etc.), or in an inverted conical tank (Baum). In all 
these appliances the speed of movement of the water is reduced to 
allow suspended particles to settle. 

In the elevated conical settling tank of a Baum washer (p. t6i) 
the slurry settles to the bottom of the cone and is run off continu- 
ously. The concentration of the thickened .slurry removed from 
a Baum settling tank at different periods of an eight-hour washing 
day is given in d'able 140. 


Tatile 140. — Sluhry Removed from Baum Sicttling Tank 


Time from starting (hours) 

0 

4-5 

Solids in concentrated slurry (per cent.) | 

44'3 

22-1 

Dirt, per cent, of total solids . . i 

167 

3()-6 


It will be observed that the proportion of dirt in the settled 
slurry increases the longer the washer is working. 


The Dorr Continuous Thickener. — The Dorr thickener was 
originally devised to clarify solutions obtained in the cyanide 
process for gold recovery and has been adapted to the clarifying of 
wa.shery waters. An example of the thic'kener illustrated in Fig. 2jq 
consists of a cylindrical tank in which ploughs or scrapers driven by 
a central shaft move the settled solids to a central discharge opening, 
d'he feed pas.ses from the trough (i) to a central feed well, which is 
surrounded by a circular plate to minimise the disturbance of the 
contents of the tank. The heavier .solid particles settle to the bottom 
of the tank, and the clearest w'lter from tlu' top overflows into a 
laundel' round the periphery of the tank and is collected by the 
discharge pipe (3). A central shaft, actuated through suitable 
gearing, carries four radial arms fitted with inclined scrapers which 
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move the settled solids towards the centre of the tank. From the 
central opening in the bottom of the tank the thickened solids are 
withdrawn through the pipe (2) by means of a special suction pump 
(Dorrco rubber-diaphragm pump). 

The tank illustrated is made of .steel plates, but for coal-washing 
purposes the tank is u.sually built of wood or concrete. A simple 
excavation in the ground with concrete overflow rims is sometimes 
used. If the thickened .solids accumulate unduly an overload 
alarm attracts attention. The .scraping arms may be raised from 
the bottom of the tank if desired. 

In the Dorr traction thickener a single scraping arm is u.scd, and 
is pivoted at the centre of the tank and supported at its circum- 
ference by a carriage which moves round the tank on a track. The 
carriage is driven by a motor through suitable reduction gear. 
'I'he scraper blades of the single arm are said to give the same 
.scraping service as the four-arm type for the same diameter of tank 
because of their .special length and dt‘pth. The .slurry water is 
fed to the centre of the tank, unless the motor is overloaded or fails, 
when an electrically-operated by-pass device comes into operation. 
If the speed of th(‘ driving carriage is reduced by a partial over- 
loading, an alarm bell .sounds. A view of a large traction thickener 
is given in Fig. 240. This type of clarification pond has been built 
up to 200 ft. in diameter. 

Th(' radial arms make from i to 30 nwolntions per hour, according 
to the lineness of the material, the spe(‘d being slower, the finer the 
particles. The powcT requirc'd for tanks up to 100 ft. diameter is 
said to be from 2 to 5 li.p. in starting, Init l(‘ss than this in 
operation. 

A tank 50 ft. diametcT and <S ft. deep will deal, ca h hour, with 
t),oo(> gallons of water containing 3,000 to 6,000 lb. of .solids (5 to 
TO per cent.]. With a tank of 200 ft. diameter, 5,000,000 to 
(), 000,000 gallons of water containing 3,000 to 4,000 tons of .solids 
can be treated per day. 'i'he power requirements for this capacity 
are 3 h.p. 

The Dorr Classifier, illustrated in Fig. 241. is also u.scd for 
the separation T)f coarse .solid particles and fine solid ])articles 
suspended in water. 1'he tank is sinqily a wide trough, suitably 
inclined and provided with steej) sides. The upjier end is open, 
and is above the water level in the tank. Slurry water is 
admitted near the closed end, and water with the finer .solid 
particles overflows at the clost'd end. 1'he coarser particles .settle, 
and are moved up the inclined bottom of tlu‘ trough by rakes 
and are discharged ,from the upper end. The rakes are actuated 
by a cam and bdl- crank meclianism which drags* the rakes 
through the settled solids on the bottom of the tank dunng one ^ 
stroke, and on the return stroke lifts them above the layer of^ 
settled material. 
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The use of the Dorr classifier in ore-dressing practice is illustrated' 
by figures recorded by Wiard (“ Handbook of Chemical Engineering/' 
Vol. I, P- 274, New York, 1922). A classifier 14 ft. 8 in. long and 
36 in. wide dealt with a feed containing 610 tons of material mixed 
with about half its weight of water. The slope of the classifier 
was 3 in. per foot and the rakes made thirty-four strokes per minute. 
From the material fed, 330 tons of sand (dry) were recovered per 
twenty-four hours, mixed with water amounting to one-quarter the 
weight of the dry sand, and 280 tons of slimes mixed with about 
an equal weight of water. 'I'he feed solids would all pass through a 
10 mesh screen, and 35*2 per cent, was less tlian 200 mesh size. 
The recovered sands contained only 5*1 per cent, of material which 
would pass through a 200 mesh screen, but all the slimes would 
pass through a 35 mesh screen and 77*6 per cent, through a 200 mesh 
screen. 

The Dorr thickener may be of use in separating coal slimes 
from slurry 'Hie capacity of one unit would not be so great for 
coal slurries as for on' sands, since the rate of fall of small coal 
])articles is less than that of sand particles of the sanu* size. TIk' 
finest sizes of slurry an' usually tlu' dirtiest, as shown by the following 
figures ('Fable 141). 


'J'abijc 14T. — Fioat and Sink Anat.ysis of South 

VOKKSHIKE Sl.URKY 


Si/r (Mfsh 1 ^]^] ) 

]’(*r cent bv 
Weiglil. 

. ■ s.c; i' 4 s. 


s,(;. i- 4 «. 

^ 30 • • ' 

5-3 ' 

5*0 


0-3 

30- ()0 

25 

23*9 


i-() 

()0-qo 

T4-5 

12-0 

! 

2-5 

90- 120 

37 

3 *f> 


07 

120 130 

14-1 

9 -<S 


4-3 

J5()-2fK) 

N-i 

L5 

1 

3 -^> 

200 . . , 

2S-5 

■l-J 

, • 

24-4 

Total . 

100 -a 

b2’3 

! 

377 


The floats of the fraction less than 200 mesh had an ash content 
of 2*2 per cent. ; the sinks, 43-0 p^r cent. ; and the' combined floats 
and sink?, 37-0 per cent. If the through 200 mesh fraction (28*5 per 
cent, of the total) could be removed by sieving, only 4-1 per cent, of 
useful material would be lost, and the ash content of the slurry 
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•would be reduced from i8-6 to 8-5 per cent. Direct .sieving for 
this fine size would not be commercially possible, but the 
separation might be made in a Dorr thickener designed to float 



242. — Dust Extraction Apparatus (Grojipcl). 


off the material ttirough 200 ifiesh with the effliunt water. A 
second thickener could be used to clarify the effluent ftom the 
first. Thus, in certain circumstances, classifiers mav be used as* 
slurry washers 



CHAPTER XXVIII 


FEEDING DEVICES, ELEVATORS, CONVEYORS, AND PUMPS 

FEEDING DEVICES 

The usual mclliod of ensuring a constant rate of feed of coal to 
a washery is to deli\’er the raw coal from an elevator into a shoot 
immediately preceding the washer. The elevator buckets may 
scoop the coal from a hopper at a sufficiently constant rate, but it 
is usually desirable to liavc an automatic means of feeding the 
('levator. When, however, it is not convenient to feed the coal 
from an elevator, some automatic feeding device is required to 
ensure a constant rate of supjily to the washer. 

The commonest form of feed control consists of a gate or of 
sliding doors operated by a rack and pinion. To prevent choking 
the aperture should be rectangular, circular apertures seldom being 
satisfactory. 

Alternatively, the coal may be fed by a rotating table. In the 
simplest type of rotating table feeder, the coal is delivered from the 
hopper to a rotating plate (Fig. 243, A), frequently inclined slightly to 
the horizontal. The supply of coal to the revolving plate is adjusted 
by a gate. In another form, the coal is contained in a conical 
hopper closed at its lower end (the apex) by a serrated cone-shaped 
block attached to a circular rotating table. The taper of the hopper 
cea.ses about i ft. from the bottom, and the lowest portion consists 
of an adjustable annular ring. The ring can be set in different 
positions relative to the serrated cone-shaped .seal, giving different 
widths of the annular spaces between the two. As the cone-shaped 
.seal rotates, the coal falls on to the revolving table at a uniform 
rate, and is scooped off by a stationary arm set at an angle to the 
radius of the table. The rate of feed may be varied by adjusting 
the position of the annular ring. 

When the coal is fed directly to the washer, some form of shaking 
tray or apron feeder is the most .satisfactory, though plunger feeders, 
.screw feeders and star feeders may be used. 

An apron feeder consists of a travelling belt driven round drums 
by means of gearing. Tht' belt usually consists of chain belting, or 
of ca.stings riveted to a chain frame. The belt collects the coal 
from the ba,sc Of the hopper (Fig.* 243, B) and delivers it to a belt or 
other c<>.nveyor, or to a shoot. This type of feeder is most satis- 
«.factory with unsized material. 

The Ross feeder (Fig. 243, C) is«a form of apron feeder, the apron 
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consisting of heavy chain belt which supports a series of heavy bars 
The chain belt is driven by a sprocket or drum at its upper end 
When the drive is stopped, the bars act as a seal for the hopper. 





Fic;. 24 I'ccding Devices. 

When the bars are di*i\Tn, howevef, the coal is discharged from the 
hopper at a rate which varies witli the position of the balance height, 
W. With an extra large piece, the bars are thrust outwards (as in 
B) and the weight is lifted from i^s seating. 
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With a plunger type of feed (Fig. 243, D) a piston driven by an 
eccentric works under the liopper and forces the material into a shoot. 
Feeds of this type are unsuitable for friable materials. 

A screw feed is shown diagrammatically in Fig. 243, E. 

ELEVATORS 

Elevators are an important feature of nearly all coal washeries, 
and are used particularly to raise the unwashed coal to a suitable 
height for admission to the wash-boxes (raw-coal elevators) and to 
raise the washed coal from a drainage sump or dewatering screens 
to the drainage or storage bunkers (washed-coal elevators). They 
may also be used to raise the fine coal, middlings or '' rewash '' 
material to a sufficient height for feeding to a rewash plant, and to 



feed the refuse to a discharge hopper. The capacities may vary 
from 10 to 150 tons per hour. 

Elevators consist of a series of “ buckets of cast or wrought iron 
set between and secured at intervals to end I (‘ss chains formed of flat 
links. For convenience of construction and for strength the links are 
placed on edge. For .small elevators single-link cliains are used, 
but for larger ones the chains are built up of single and double links 
alternately. The links arc united by rods, bolts, cotter pins or 
rivets, which are turned to fit accurately into the holes bored near 
the extremities of the links. Two sets of link chains are joined 
by the link-connecting rods, and to the connecting rods the 
buckets are fastened. The chains are stretched over a pair of 
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polygonal drums mounted on revolving shafts. The shafts are 
supported by bearings secured to a strong framework. The elevator 
is usually inclined at bo to 70 degrees to the horizontal. The upper- 
most drum is driven comparatively slowly by toothed gearing. 

In certain cases the lower drum is used as the driver, but this 
necessitates greater tension on the chain to prevent the drums 
from slipping. In the usual method of using the upper drum as 
the driver, the tension due to the weight of the chain and the loaded 
buckets keeps the chain in contact with the driving drum. Pro- 
vision is made for adjusting the distance between the centres of the 
drums to take up extension. In adjusting the tension on an 
elevator-chain, one set of bearings has to be moved ; some firms prefer 
to make the upper bearings the movable ones, keeping the lower 
ones fixed so that the buckets always pass close to the bottom of the 
elevator pit and scoop out the coal ; other firms prefer to make the 
lower bearings movable on account ot the very heavy load on the 
upper bearings. When the bottom bearings are movable, provision 
should also be made to move the bottom of the elevator casing. 

The links are supported on angle-iron slides and fixed frames, 
th(' links projecting a suitable distance below the buckets to allow 
for wear and to prevent the buckets from coming into contact with 
the slides. In Fig. 244 various details of an elevator and its casing 
are given, and in Fig. 245 a view of the top of an elevator with 
alternate double and single links. 

Bucket elevators arc loaded by making the buckets pass through 
the elevator boot, an underground hopper, or sump, containing the 
coal or refuse. Gate-valves governed by a spindle and hand wheel, 
or mechanically-oporaled sliding doors, or rotary feed tables are 
.sometimes used to regulate the entry of material to the buckets and 
to prev('nt them from becoming overloaded. The inclination of the 
elevator permits tho free discharge of the contents of the buckets 
at the top of the elevator into a shoot. 

The .speed of an elevator is given by the formula 


V - Inr, 


where V — .speed in feet jier minute, 

/ length of one link (between bolt centres), 
n - number of sides on the j)olygonal drum, 
r ^ number of revolutions per minute of driving drum per 
minute. 

'Fhe cajiacity of an elevator is given by th(' formula : — 


Q 


ivh 

37-y 


or O - 


w\ 


where Q ---- capacity \n tons per hemr, 

uj ^ weight of the contents of one bucket in pounds, % 
h - number of buckets tilled per minute, 
i' pitch or spacing of buckets in feet. 
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Buckets may be fitted to every link of the elevator chain of to 
alternate links. When fitted to alternate links they are usually 
roughly V-shaped (Fig. 246, 1 ), but when fitted to every link the 
width of the top of the buckets is often increased, and the outer 
sides of buckets make a bigger angle with the elevator casing 
(Fig. 246, II). 

In Table 142 the capacities of elevators with different sizes of 
buckets are given ((Trdppel, Kohlenaufbereitung). The buckets 
are assumed to be full and to be moving at a speed of 60 ft. 
per minute. 

The power consumption of ekwators is directly proportional to 




I) 

1 i(x, 2 oi I 'onus i)f larxator J»iirkcl. 

the weiglit of the load carried and to the height to whic li it is raised. 
Allowance lia.s also to ])e made fur the frictional resistance, and for 
the power nec(‘ssary to drag the Inickets through the charg(‘ in the 
elevator boot. Thest* factors increase witlr tlu‘ size of the elevator. 
The general equation for power consumption is : — 

ll.i\ - all, 

where — a factor to allow for varying frictional resistances, 

H — - height, in feet, to which load is raised. 

Where the elevator is less than 50 ft. long, an addition (z) has 
to be made. In 'Fable 143 (adapted from (ifdppel, loc. cit.) values 
for A' Mid z are given for varying capacities. (The numbers of the 
elevators are those given in d'able 142.) 

For intermediate values of Q, intermediate values of x are chosen. 
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Table 142. — Capacity of Elevators with different 
Sizes of Bucket 



Effective Length of Link 


Elevator Capacity 

No. 


and Bucket.* 

Capacilv of 

totis/hoiir. 



each Huck('t 






(lb.). 


" 


mm. m. 


Jypi- I. 

Type 11 . 

I 

0-2 7l 

8-q 

10 



2 

0-25 9 ft 

15-4 

15 

— 

3 

()-30 11’ 

27-6 1 

22 

39i 

4 

iJi’ 

.I 7-5 : 

25 1 

57 l 

.5 

o- 4 () 15:,' 

62 ’() 1 

371 

74i 

6 

<>•45 174 

81 -6 ; 

43 ^ 

*^7 

7 

0-50 

117-0 ' 

5 f> 

II 2 j 

8 

0-55 21® 

165-2 ; 

1 

72 

144 

TaBLIv 

143. — Faciors to Cai.cui.ate Tine Power 


CoNSUMl-TION of ElEVATORS (H P. — xU ) 





I’owei 1 'actors 


No. of Elevator, 

('apacity (Q) 
loiis/liour. 

- - 

_ 

- -- - — 



X 

2 (ILP.). 

I 1 






21 


5 

0-077 


0-5 

I 1 

2) 


10 

0-092 


0-6 

21 






3* 


•20 

01 24 


0-7 

•h 

4; 


30 

0-154 


0-8 

5 ) 






4 | 






5' 


50 

o-i8(j 


0-9 

<>i 






()) 






7 i 


75 

0-201 


10 

7 


100 

0-248 


1-1 

7 


125 

0-295 


1-2 

8 


150 ; 

0-342 


1*3 

8 


200 ' 

0-418' 

1 

T -4 


♦ T.ength oi bucket is Ihc on Ukj link chain, l or siinplic ily* breadth of 

bucket (b, Fig. 24O) is taken as being equal to the length (1). In practice, the lyeadth 
IS usually greater, and due allowance should be made for this, in applying the figures 
given. When elev^ating wet materials the ca])acit\’, (), should be multiplied by o-8. 
With special shapes of buckets the cajiacitidls given can be increased by 30 per cent. 
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The power necessary to work the empty elevators is given by th.e 
equation 

H.P. = 

900 

where Q the nominal capacity of the elevator in tons per hour, 

H — the height in feet of the elevator. 

For example, a raw coal elevator raising 150 tons of coal per hour 

to a height of 80 ft. would 
require 

80 X 0*342 27*4 h p. 

A dirt elevator raising 20 tons 
of material to a height of 20 
ft. would require 

20 X 0*124 H 0*7 -- 3*i 8 h.p. 

To these calculated horse- 
power requirements an addi- 
tion should be made to allow 
for starting, and to provide a 
margin for ov('r-loading. 

Much of the maintenance 
cost of a wash(‘ry is expended 
in repairs and renewals to tlu' 
elevators. Hk* chi('f source of 
expense is in tlie renewal of 
links and of the rubbing strips. 
Adjustment of the bearings to 
keep the necessary tension of 
the chaihs to prevent them 
from slipping on the drum 
heads is also a frequent source 
()1 trouble. E. T. Hardy (('oil. 
Eng., ') recommends 

wagon-spring steel g in. thick 
for rubbing strips. He also 
j'K of iCk-Miior adviscs the u.sc of planished 

HuLkcl LnijHyinfT Ik'vicc*. pillS, with 

sjdit pins in.serted through the collars and through the link 
pin to secure it. Bolts, I in. diameter, at 15 in. intervals, are 
recommended to secure the. rubbing strips to the elevator casing, 
the boit heads being at least J in. below the surface of new rubbing 
strips. Wooden rubbing strips an* also .serviceable 

With ivne wet mat(‘rials, (fifliculty is often experienced in the 
free discharge of the buckets of an elevator, especially when the 
material is refuse from fine coal or slurry washing. This difficulty 
was experienced with the refuse elfivator in the Yorkshire Coking and 
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Chemical Company's Rheolaveur slurry washer at Glasshoughton, 
and a scooping device was designed to overcome it. 

As the bucket is about to tip over, a steel plate is caught by the 
outer face of the bucket, and as the 
bucket moves further round its cir- 
cumferential path the plate travels 
into the bucket down its outer face 
and under the bed of material in 
the bucket. When the bucket is 
inverted its edge bears against 
the plate, and forces it out of 
the bucket, the contents being re- 
moved by the plate. The plate is 
attached to a hinged and weighted 
lever so that it is automatic in 
action. The device is illustrated in 
Fig. 247. 


CONVEYORS 

Screw Conveyors. — For trans- 
port of coal or dirt for short distances 
on the level, screw conveyors arc 
often used. A screw conveyor con- 
sists of a shaft supported by journals 
at intervals and having a screw of 
coarse pitch and thin thread working 
in a trough or pipe of slightly greater 
width than the diamc^ter of the screw 
(Fig. 248). Intermediate journals 
revolve in steps fixed in hangers 
suspended from the top of the 
trough, and the end journals revolve 
in steps in ordinary pliimmer blocks, 
provision being made for end thrust. 

The screw is driven by a pulley or 
toothed wheel fixed on the end of 
the shaft outside the trough, usually 
at the feed end of the conveyor. 

The load is discharged from a screw 
conveyor through bottom openings 
in the trough, or through the open 

end of the trough. Screw conveyors may also work in wnter. 
capacity of a screw conveyor depends on the diameter, pitefh, 
speed of rotation of the screw. The capacity is given by 
equation : — * 



The 

and 

the 
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where Q = capacity in tons per hour. 

a — area of cross-section of trough filled by material (in 
square inches). 
p = pitch of screw in inches. 
n = number of revolutions per minute. 

The trough is usually filled for about I of the cross-section of the 
trough. The figures recorded in Table 144 for the capacities and 
power consumptions of screw conveyors are adapted from Groppel 
(loc. ctL). The power consumption is given by the equation ; — 

H P. -- L.y, 

where L -- length of conveyor in feet, 

X' a factor obtained from table, 

z (see 'lablc T44) is an addition to be made to the horse- 
power when the conveyor is less than 10 metres (32 ft. 10 in.) long. 


Ta]jle 144 — Capacities and Power Consumption 
OF vScrew Conveyors 




1 Sp(*(*(l 

r p.in. 
(«)• 


. 1 1 orse To we r P'ac t ors . 

Diameter 
(in ). 

Pitcli 
j (in )• 

C,4XK'ity ((,j) : 

Tons/li(»iir. ' 

A' 

1 

z (h.p ). 


7i 

, r>5 

5-8 

j 

’ 0-076 

0-3 

. 

7 k 

55 

8-6 

0-092 

0-4 


g-i 

48 

T2-8 

*0-14 

0-5 

15? 

12’ 

3<1 

22*8 

o*i8 

0-6 

ig? 

15? 

3 «> 

37-1 

0-27 

07 

23 g 

17? 

25 1 

50*2 

«-37 

0-8 

27 ; 

ig? 

21 1 

57-2 

(>•41 

0-8 

1 

23 ii 

18 

7()-8 

«-49 

0-8 


I'hc pitch is approximately 0*8 times the external diameter. 


Scraper Conveyors. — A creeper or scraper conveyor is used for 
the transport of coal on the level to feed, say, a number of storage 
hoppers*. It may also be used to raise coal to considerable heights. 
It is, perhaps, the most convenient form of conveyor for supplying 
any one of a series of hoppers arranged in a rovC, for the floor of the 
scraper k can include a trap -door, which may be opened to form 
^ an aperture or closed to form part of the floor. A scraper or drag 
conveyor consists of a double endless chain, formed by links, stretched 
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over a pair of polygonal drums at each end of the frame, and is 
supported between the drums by rollers or slides. The links are 



joined together by pins which are extended to form scraper plates 
between the two chains, moving over a solid plate surface. Re- 
newable lining strips are fitted to the base plates. Various details 
of a scraper conveyor are given in Fig. 249. 


Belt Conveyors. — Belt conveyors are frequently used to 
transport coal to a washery. A belt conveyor usually consists of an 
endless rubber-faced canvas belt running about end pulleys and 
supported on the run by a 


series of idle rollers which 
are often troughed on 
the conveying run and are 
horizontal on the return 
run. Sometimes horizon- 
tal rollers are used on the 
conveying run. With both 
kinds of support, the in- 
dividual rollers are of 
uniform diameter to ensure 
contact with the travelling 
belt across its whole width. 
On the return run, the 



Jmo. 230. — Tk‘U Convc'vor Supporting Uollcrs. 


rollers arc mounted on a common shaft, or a single roller slightly 
wider than the width of the belt is used. The return rollers are 


spaced at about lo ft. intervals, and where' the load is carried, at 
intervals of from 2 lo 3 ft. Tlu' spacing dej)cuds on the width of 
the belt, the intervals 'being reduced with wider belts. At loading 
points the spacing is reduced to about two-thirds of the intervals 
used on conveying stretches, and the belt is supported about 6 in, 
behind the loading shoot to give added strength. For conveyors 
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longer than 25 ft., guide rollers mounted normally to the edges 
of the upper belt are recommended. An arrangement of idle 
rollers for the conveying and return runs is illustrated in Fig. 250, 



and an elevation and plan of thft same conveyor in P'ig. 251. This 
conveybr is suitable for conveying large quantities of coal, for 
example, the raw coal to a wa.shery. A smaller number of idlers 
would be required for smaller qusntities. 
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The capacity of a belt conveyor is increased by increasing the 
inclination of the side rollers. The power consumption and wear 
of the belt increase more rapidly than the increase in the 
carrying capacity of the belt, and the inclination is therefore 
usually limited to 20° to 25®. Belt conveyors are loaded 
from other belts or from shoots which are inclined (in the direction 
of travel of the belt) to give the material loaded as nearly as possible 
the same speed as the belt. The load is usually discharged over 
■the end driving pulleys at the end of the run, or they may be dis- 
charged at any point along the length of the conveyor by carrying 
the belt over a straight elevated pulley, and a lower straight pulley 
arranged slightly to the rear of the first. In the latter case the belt 
makes an S-loop. 

The driving pulley is usually the one at the discharge end of the 
conveyor to keep the carrying portion of the belt in tension. The 
driving pulley should be heavily crowned to maintain alignment of 
the belt. Provision is made to take up extensions of the belt 
through stretching. Adjustment is usually made by moving the 
end pulley near the feed end. A belt conveyor may be inclined at 
angles up to, but not exceeding, 20"" for dry coal. Rubber belts are 
expensive, but work without attention or vibration. 

The capacity of a bolt conveyor depends on whether the belt is 
troughed or is flat. A troughed belt carries twice the capacity of a 
flat belt of the same width. The capacity is given by the formula : — 

0 ,„ =- a 7 ) 60 X 0-8, 

where 0„, the capacity in metric tons per hour, 

a — the area of cross-section of the coal on the conveyor in 
square metres, 

V - the speed of the belt in metres per minute, , 

0-8 — - the density of crushed coal (w^ater -- i). 

The capacities of belts of different widths are given in Table 145,* 
in which a belt speed of 256 ft. per minute (1*3 m. per second) is 
assumed. 

The power consumption is calculated from the formula : — 

H.P. - a; L, 

where x -- a factor obtained from Table 145, 

I> ^ the length of the conveyor in feet. 

B is a value to be added for each point of support of the bell ; z 
is a value to be added for short conveyors less than 20 in. (approxi- 
mately ()6 ft.). 

When a conveyor is inclined the power, consumption bcc(/mes : — 

H.P. - ,i:L cos a -1- 
' • 900 

where a = the angle of inclination, 

H — height in feet through which load is lifted, 

Aclajitcd from*Gr6ppcl {he. cit.}. 
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Table 145. — Carrying Capacities and Power Factors of 
Troughed Belts of Different Widths 


Width of Belt. 

Capacity (Q). 

Power Factors. 

m. 

in. 

Tons per hour. 

x 

B (h.p.). 

z (h.p.). 

0-3 

12 

20 

0-012 

0*1 

0-6 

0-4 

16 

40 

o-oi8 

0*1 

07 

0-45 

18 

50 

0-022 

0*1 

0-8 

0-50 

20 

^*5 

0-025 

0*1 

0-9 

oT)0 

24 

100 

0-028 

0*2 

I-O 

070 

28 

140 

0-036 

0*2 

I-I 

o-8o 

32 

180 

0-043 

0 2 

1-2 

0-90 

3f> 

230 

0-051 

0*2 

1-3 

I'O 

40 

300 

1 

1 

0-063 

0*2 

I '4 


The factor .vL cos a is the power used in transporting in a hori- 

Otf 

zontal plane, and the (actor is introduced for the power absorbed 

in lifting. For example, a belt conveyor loo ft. long, with six rollers, 
to carry 125 tons per hour, would be 07 m. wide, for which the power 
factor, X, is 0*036. 

Power required = 0*036 X 100 + 6 X o*2 — 4*8 h.p. If the 
same belt were inclined at an angle of 20'', that is it rose 34*2 ft. in 
100 ft., the power required would be : — 

4-8 cos 20 + r- 4.5 + 47 9-2 h.p. 

Band conveyors may also be made of a series of steel plates, 
hinged normal to the direction of travel to enable them to pass over 
the driving drums. On the flat portion of their travel, one plate 
just overlaps the one in front of it. Similar conveyors for lump 
coal may be composed of bars, arranged in sections and spacc^d 
slightly apart. Sectional plate and bar conveyors are used as 
picking belts. 

Jigging conveyors are used to convey coal for short distances in a 
horizontal direction or down a slight incline. Their surface is made 
of mild-st('el j)lates, and they may be looked upon as jigging screens 
with the apertures closed. They arc similarly constructed and 
similarly actuated. Their principal u.se is foi transporting large 
quantities of coal, preferably nut coal, say, to the loading booms. 
They arc made wider than other forms of conveyor, require less 
horse-power, and cause less fracture. They are, however, more 





FEEDING DEVICES, ELEVATORS, CONVEYORS, ETC. 533 

expensive to instal unless the duty required is heavy. The ability 
of one unit to deal with large quantities then gives them an advan- 
tage over other conveyors. 

PUMPS 

Centrifugal pumps are almost invariably used for the circula- 
tion of water in washeries. A centrifugal pump consists of an 
impeller (which is a wheel carrying a number of suitably shaped 
vanes) enclosed in a casing. The centrifugal force due to the speed 
of the impeUer gives the water in the casing a high velocity head, 
which IS partly converted into pressure head (static pressure) as the 



iMt;, — Elcvijtion, End View and Sections of Centrifugal Pump. 


water passes through the delivery pipe. As water is forced from the 
pump casing, fre.sh water is drawn in through the inlet pipe. 

An elevation, end view, and .sections of a centrifugal pump 
supplied to a Grdppel washcry are given in Fig. 252. Two types 
of impellers are illustrated in Fig. 253. Type a is used for clear 
water or water containing a limited proportion of solid matter. 
Type b is used for slurry. The pumps are either belt driven or 
direct -coupled to a motor on the same bed plate, fhe capacity, 
power consumptions and other details of a typical centrifugal pump 
(the “ Robusto,” supplied by Fr. Grbppel, Bochum) are recorded in 
Table 146. 

Thus, with a li-in. pump, the power required to lift 2,530 gal. 
of water per minute to a height of i m. (3-28 ft.) is 6-8 'h.p. ; to 
raise the same quantity 2 m. the power required is (6-8 -f- 3-8) h.p.-; 
for a 3 m. lift (6-8 -f- 2 X 3-8), and so on. 
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Table 146. — Capacity and Power Consumptions of 
Centrifugal Pumps 


Internal dia- 
meter of pipes 
(m.). . 

■ 2 i 

3i 

4 

5 

0 

7 

8 

10 

12 

14 

Hourly capacity 
gal. per min.* 

73-4 

M7 

-\57 

404 

5«7 

826 

1,065 

1.7^5 

2.530 

3.580 

l*ower con- 
sumption 
(ii.p.)-~ 

(w) r'or I m. 
hit. 

0-6 

^■75 

1 

IT 

1-.3 

1*5 

2*0 

^■3 

40 

0-8 

9-5 

(b) I'or each 
further i m. 
height of 
lift 

0-15 

0-8 

0*44 

o-hy 

o*<>6 

1-33 

I -64 

2-62 

OJ 

do 

c 

512 


* For water S.G. = i-o. 


One of the chief troubles experienced with centrifugal pumps is 
the wearing of the blades of the impellers and the gland packings. 
Fine particles of wet coal work their way into the glands, and once 
an entry is effected the packing soon becomes destroyed. Glands 
therefore require to be repacked at frequent intervals, and there is 
an evident need for some more resistant packing than is usually 
considered suitable for ordinary water pumps. The wear of the 
impeller blades is a frequent cause of washery pumps failing to give 
the required capacity. To improve the delivery, the pump may be 
driven more rapidly, and a belt drive enables this to be done more 
readily than if the pump is direct-coupled to the motor. 

Some trouble is experienced with pumps to deal with slurry, on 
accojint of their liability to choke on standing. In some washers, 
the thickened slurry is run from the bottom of spitzkasten into a 
sump from which it is subsequently elevated by a centrifugal pump. 
The slurry is run out of the spitzkasten continuously whilst the 
washer is working and, with a continuous feed, the slurry pumps 
may work satisfactorily. When the pumps have been standing, 
difficulty may be experienced in restarting them because the slurry 
tends to settle into a compact mass. Slurry pumps are usually 
situated in a sunken pit, in which position they are apt to escape 
proper inspection and attention, although, with the heavy duty of 
handling a most abrasive material, they are liable to lead to much 
trouble. It is preferable to have a long pump suction pipe and 
to place the pump in a more acce.ssible position. In the event of 
the suction pipe becoming choked it is then easier to dismantle or 
to clear it with water. 

It may be noted, in passing, that the procedure of pumping the 
washery water to an elevated settling tank and running oh the 
' thickened slurry by gravity — as in the Baum washer, for example — 
is a much more rational practice than to use settling tanks at a low 
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elevation and to pump the thickened 
slurry to the dewatering screens. 

The choking of centrifugal pumps 
is also a difficulty experienced in the 
disposal of effluent washery water. 
It is usually desirable to recover 
the coal particles which are sus- 
pended in the water, partly for 
reasons of economy, but also to render 
the effluent readily disposable. Such 
an effluent is obtained from drainage 
hoppers, from which the drainings may 
contain considerable quantites of coal. 
To avoid the difficulties associated with 
the choking of centrifugal pumps, an 
air lift may be used {Coll. Eng., IQ25, 
2, 300). A compound air lift, as illus- 
trated in Fig. 254, raises the effluent 
from the bottom of a 6 in. pipe, (> ft. 
below the ground level, through a 3 in. 
pipe to a tank above ground level. 
This tank gives a constant feed to the 
second stage, in which the water is 
lifted through a 3 in. pipe to an over- 
head settling tank. In this case, com- 
pres.sed air was supplied at 10 to 12^ lb. 
per sq. in. pressure, through two J in. 
air pipes, the one in the first stage Ixnng 
in the centre of the lift pipe, and the 
one in the second stage being outsid(‘ 
the lift pipe. This:* arrangement facili- 
tates adjustment. 

In practice it was found to be pre- 
ferable to fix the aircock in a definite 
I)osition ; quantities varying from 2 
to 20 gal. were lifted per minute with 
an expenditure of about i J h.p. The 
lifter was left working continuously, 
and, when the washer was standing 



overnight, it served to lift the drainings without attention. No 


difficulty in choking of the pipes was experienced. 
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SCRKHNING 

• General —The screening of coal is a process complementary to 
the cleaning of coal, for, in some cases, the coal must be sized between 
certain limits before it is submitted to the cleaning process, and in 
others, screening is an accessory operation in the preparation of coal 
for the market. The sizing of coals for sale after cleaning, and when 
the coal does not re(}uire cleaning, is guided by convenience, local 
custom, and market requirements. In the anthracite market 
particular attention is paid to carefully sized products as an aid to 
efficiency in burning, and the sizes arc chosen according to the 
ultimate use of the coal. In other markets, accurate grading is 
considered to be less important than in the anthracite market, and, 
indeed, there is no fixed scale of sizes by which bituminous coal may 
be classed. For this reason the nomenclature is somewhat confused. 
“ Slack ” in one district may differ considerably in size from slack 
in another district, and even the term |-in. slack " is not specific, 
because the maximum linear dimensions of particles passing through 
a I in. screen will vary according to wliether square or round holes, 
inclined or horizontal screens, are employed. 

1 he hederation of British Industries has proposed to its members 
a standard table of size nomenclature as follows : — 


• 

No (rt) Bituminous 

(b) VVcLsh'. 

(r) Anthracite. 

T 

Large screened . 

Large screened. 

Largt* screened. 


J.arge unscreened 

Through -and- 

Through-and- 



llirougli 

through 

3 

Cobbles .... 

■ — 

Cobblt s. 

4 

Treble nuts (say 3 to i h in.) . 

Nuts. 



5 

Double nuts (say 1 1 to I in.) . 

Leas. 



() 

Single nuts 

— 

Single Nuts. 

7 

Peas, Ix^ans or pearls * • . 


Peas or beans. 

8 1 

Nutty slack (rough dross or 



1 

small) ..... 

Small . 

Kubbly culm. 


Fine slack (duff or daiit) 

— 

Culm. 

10 

Fine small (dross, dant, or duff) 

1 t 

Duff 

1. 

— 


* “ Pearib ” is said to bo a registertd trade name. 


Even this is only a rough classification, and does not state the 
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sizes of the various grades. It would seem to be more desirable to 
define certain sizing limits as a basis of classification, or, alternatively, 
to insist that, when sized coal is marketed, the sizes of the screen 
apertures should be stated, whatever name be assigned to the grade. 
The difficulties would not be eliminated, but would be lessened if one 
colliery sold its nuts, for example, as trebles (3^ to in.), doubles 
(i| to I in.), singles (i to § in.), and smalls (g in. to o), and another 
as trebles (3 to 2 in.), doubles (2 to in.), singles (i| to | in.), and 
smalls {I in. to o). The lack of uniformity in name would still exist, 
but the statement of the screen sizes would enable the buyer to 
differentiate more easily. 

Complete uniformity is, at present, impossible, for collieries are 
equipped with screens having round holes, square holes, diamond- 
shaped holes, or slots, all of which give different maximum sizes of 
coal passing through the screen. Moreover, screening is never 
absolutely 100 per cent, efficient, and a given size of coal from one 
colliery may contain a greater amount of undersize than that from 
another colliery. To ensure the greatest uniformity, it would be 
necessary for all collieries to use screens with a given shape of 
aperture and to guarantee the coal to contain not more than a 
certain proportion of undersize. Even then, the delivered product 
would vary because of the different friabilities of coals. 

The South Wales Coal Owners Association has recommended 
to its members a standard of sizing, and the sizes proposed are : 
No. I, 80-55 mm. ; No. 2, 55-25 mm.; No. 3, 25-15 mm.; No. 4, 
15 -8 mm. ; No. 5, 8-4 mm. 

It is not proposed to deal with the history of screening practice, 
but it is interesting to note that in 1740, nearly 200 years ago, “ the 
mischievous p)ractice of screening coals was first introduced at 
Willington Colliery by Mr. William Brown.'' [Trans. North of f ng. 
Inst. Min. Eng., 1865-6, 15, 205.) We shall confine our description 
to more modern and, we hope, less mischievous machines. It may 
be mentioned, however, that screening was fairly common in 
Durham in 1836 (ihe Miner s Guide, Thomas vSmith, Sheffield, 1836). 
Screens, at first, were made of wicker work, and the bar screen was 
introduced by Hall in 1833. In 1844 a simple revolving screen was 
patented by Walker, and Berard fitted screens in his jig washeries 
in about 1850. 

Where there is no call for accurate grading, some of the earliest 
types of screen, for example, the gravity bar screen or grizzly, are 
still in operation. In general, however, modern screening plants are 
equipped with revolving screens, shaking screens, or vibrating 
screens, and the apertures in the surface' are either round lioles or 
square holes. Each of these four types of screen has its own par- 
ticular advantages, hnd the choicCi of the best type for any purpose 
depends upon the circumstances. • 

Whichever type be considered the most suitable, there are* 
certain qualities that all screens must possess if they are to be satis- 
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factory in use. The chief requisite of a screening plant is that 'it 
shall require practically no attention. It must combine the greatest 
possible simplicity with adequate strength and a reasonable accuracy. 
No screen is perfectly accurate, but the greatest satisfaction and 
accuracy is obtained if there is little breakage of the material on the 
screen, when the speed of travel of the material is uniform across 
its surface, and when there is little tendency for the screen apertures 
to clog or “ blind.” 

. Certain factors which affect screening are dependent upon the 
material treated. Pieces of coal and shale, for example, arc of all 
and assorted shapes. A thin flat piece of .shale may refuse to pass 
through the apertures in a given screen, whereas a cubical piece of 
coal of greater mass and greater width and thickness may pass 
through quite easily. The moisture content of the material will also 
affect the efficiency of screening. Other factors which influence the 
accuracy are the shape of the apertures, the slope and motion of the 
screen, and the size and velocity of the material. The greatest 
accuracy can be achieved when dealing with large, dry particles on 
a screen which has a vibratory or jigging motion, and which is nearly 
horizontal. 

It is advisable, at the outset, to differentiate between screening 
as part of the routine of colliery practice, and screening as an adjunct 
to a washing plant. At many collieries the screening plant is con- 
sidered to include gantries, tipplers, screens and picking belts. The 
screen in a washery is essentially a sieve or riddle, whose only purpose 
is to deliver certain material in fractions of different sizes. 7'he 
colliery screening plant is usually part of the integral lay-out of the 
colliery's .surface equipment, and some of the coal passes from the 
screening plant to the washery. The washery screen is in the wa.shery 
building, in the most suitable position, and whereas the main screen- 
ing plant can be equipped with the best types f)f plant, the washery 
screen must .sometimes be of the type which will fit into a particular 
and limited .space. Wa.shery screening and pit screening are there- 
fore diffen'nt branches of the general ]>robleni and different factors 
are concerned in the two. 

Colliery Surface Equipment between the Winding Shaft and 
the Screens. — In the lay-out of tlie surface plant of a colliery, 
the design of the .screening plant (including gantries, tipplers and 
picking belts) depends largely upon the slope of the ground, tht^ 
position of the shafts, the area and .shape of the space available. 
Certain features, however, must be provided ; for example, pro- 
vision must be made to allow the trams to gravitate when pushed 
out of the cage and, with double-decking, to come to a common 
level at the weighing platform. 'Furthermore, ’the coal must not be 
tipped Mearer than 8o ft. from the downcast shaft, and gravitation 
' must be used, or creepers must be provided to remove the trams to 
this distance. 
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•Creepers. — Once the trams have been weighed, the coal can be 
transferred to the screens by any convenient means. As a general 
rule, it is most convenient to convey the coal in the trams to tipplers 
directly above the screens. For this purpose the trams must travel 
along an inclined creeper, so that after leaving the tippler they will 
gravitate back to the top of the shaft. Alternatively, the coal may 
be tipped after the trams are weighed and be conveyed to the screens 
by belt conveyors. In general, creepers have an advantage over belt 
conveyors for the following reasons : [a) The upkeep of belt con- 
veyors is heavy, {b) any stoppage may be serious, (c) the angle of 
inclination is limited by the tendency of particles to roll down the 
conveyor, (d) at least two tippings (from trams to the conveyor and 
from the conveyor to the screens) are necessary, with an increased 
tendency for breakage, (e) the length of a belt conveyor is limited by 
the necessity 
to interpose driving 
drums. Creepers, on 
the other hand, are 
cheap to maintain, 
stoppages are seldom 
serious, one tippage 
only is required, and 
the inclination is 

limited only by the 
tendency for the 
trams to tip up and 
for coal to spill over 
the sides. 

Creepers have the 
additional advantage 

that they can be- Fxc. .55 -Tippler, 

placed m the most 

convenient position and can allow the trams to remain under me- 
chanical control as long as possible. It is inadvisable to have 
long lengths over which the trams run by gravity, because of 
the great differences between trams. When using gravity, the 
inclination must be great enough to eliminate the risk of stoppage 
with a badly running tram, and trams which run more freely than 
others acquire too high a speed. Vhe use of creepers overcomes the 
irregularity which exists between different trams. 

A suitable speed for creepers moving tubs uphill is 50 ft. per 
minute, with horns every 5 ft. A maximum of ten tubs can then be 
handled per minute, and, on the average, abhiit eight tubs per minute 
will be conveyed. 


Tipplers. — There are various designs of tippler available for dis- 
charging the coal from the trams to the screens. In all modern » 
tipplers, the loaded tram entering the tippler knocks out an empty 
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tram, which, moving forward, trips a catch and causes the circum- 
ferential surface of the tippler to come into contact with a con- 
tinuously revolving roller, C (Fig. 255). The tippler is then driven 
(in Fig. 255 in a clockwise direction), and the coal falls on to a plate, 
A, from which, later in the revolution, it falls on to a second plate, B. 
The plate, B, acts as a shoot to deliver the coal directly on to the 
screen, and the interposition of the plate, A, breaks the fall of the 
coal, and so reduces the amount of breakage. The roller, C, is 
power driven, and on completion of the revolution, the tippler is 
withdrawn from the roller, C, but not from a second roller, D, which 
is idle. From the tippler the coal passes down the shoot, B, to the 
surface of the screen below it. In general, a tippler cannot deal with 
more than seven trams per minute, and its speed of revolution is 
equivalent to 10 r.p.m. maximum during revolution. 

Speedy operation of the tippler is a most important consideration. 
Otherwise, a stoppage occurring at the tippler, the track from the 
pit-top may become filled with loaded tubs, and if these cannot be 
cleared, winding must bo stopped. The tippler must be able to 
work faster than the coal is hoisted up the shaft, so that, when the 
stoppage is cleared, the track can be emptied quickly and room be 
made to provide space for a subsequent stoppage. Usually, between 
the winding-shalt and the tippler, a stoppage of five minutes can be 
expected ('very hour, and the gantries should provide storage space 
for a ten-minute hoist. 

Screens. — When a colliery is furnished with a washery, it is 
usual for the screens to remove the particles below, say, 3i in., and 
tlu'se are passed forward along belt conveyors. to the washer, or are 
loaded into wagons and discharged at the washery into an under- 
ground hopper at the foot of the raw-coal elevator. The lumps 
passing over the screens are hand-picked and 'loaded into wagons at 
the end of the picking b('lts or picking tables. 

Practically the only type of screw'd! employed to remove* the 
smaller sizes for washing or prior to hand picking the lumps is tin* 
inclined jigging type, sus})ended by arms and actuated by an 
(‘ccentric or crankshaft. Tlu^ barrel type of screen has bcc.'n discarded 
for a variety of rea.sons, chiefly because of its low capacity, and the 
amount of breakage which is caused. Barrel screens are cumber- 
some and trams of coal cannot easily be loaded into them, whilst 
the oversize delivered is hot evenly spread out, as is required on a 
picking belt. Moreover, they tend to “ blind '' badly, especially on 
the outer mesh, and if the coal is damp. By comparison, inclined 
jigging screens are cheaper, have a high capacity, and give a well- 
spread discharge. They require, however, rather more horse-power. 

There, is little es.sential diffefence between''‘the screens employed 
in a colliery screening plant and in a washery except that different 
types are sometimes more suitable for one than for the other. 
Whereas the inclined jigging screen is usually the best type for the 
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main colliery screen, the revolving barrel type is frequently pre- 
ferred in a washery because it requires a small floor space and its 
mechanism is free from vibration. When, as frequently happens, 
the screens are near to the top of the washery building, the absence of 
vibration is an important consideration. Moreover, the coal is usually 
accompanied by a large bulk of water, and water is often sprayed 
on to the screen. In these circumstances, the capacity of a barrel 
screen is greatly increased and the tendency for it to blind is reduced. 

Picking Belts. — Picking belts may be composed of an endless' 
canvas or rubber belt, a wire mesh or steel plate surface, or may be 
made of a series of bars spaced a short distance apart. Endless belts 
of any of these types are driven by a driving drum at the feed end 
of the belt, and pass over a second drum (usually idle) at the dis- 
charge end, thus being in continuous circulation. The return journey 
of the belt is always made underneath the picking surface. Bar 
belts enable fines made during picking to fall through the gaps and 
to be separated from the lumps. The fines are then scraped back on 
the return journey of the belt by angle-scrapers fixed to its surface, 
and are mixed with the small coal previously removed by screening. 
A belt composed of plates is, however, cheaper both in initial cost 
and in upkeep, and causes le.ss breakage as the coal falls on to it 
from the screens, or off it at the loading end. Moreover, it is easier 
to pick on a flat smooth surface than on an uneven surface composed 
of bars. A view of a picking-belt installation is given in Fig. 256. 

The chief requirements of a picking belt are freedom from wear, 
security of the plates (or bars), and easy working. This is achieved 
by accurate alignment of the faces of the driving drums, uniformity 
of the connecting links, and accuracy of the link-centres (which are 
usually itbout 7 in. apart). 

Picking belts are aiso conveyors and may be duplicated, one b^lt 
acting as a picking table for the lumps, and the other one, parallel 
to it, as a conveyor for the smaller sizes ; both grades of coal can 
then be loaded into wagons at the same positnm. 

1'he capacity of picking belts vari(*s according to the nature of 
the raw coal, but at South Yorkshire pits, 100 ft. length of belt is 
usually sufficient and six boys are required for an output of 1,000 
tons per shift. 

S. R. and W. H. Berrisford {Tmns. Inst. Min. Eng., 1924 25, 69, 
282) give the capacity of picking and conveying oelts as follows : — 
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SCREENS 

As already stated, there are four main types of screen suitable 
for colliery use, namely : — 

[a) Gravity screens. 

[b) Revolving screens. 

{c) Shaking or jigging screens. 

(d) Vibrating screens. 

These may be described separately. 

Gravity Screens. — (xravity screens are always stationary, the 
coal travelling down them under the influence of gravity alone. 
They must therefore be fixed at an angle to the horizontal so that 
the material to be screened will .slide freely from one end to the 
other without the aid of external forces. The angle of inclination 
necessary for this purpose will vary for a number of reasons, and in 
deciding the angle for any particular coal-.scrcening plant it is 
necessary to bear in mind the following points : — 

(a) Coal from various seams and different qualities of coal and 
dirt may pass over the screen and the angle must be .set to accom- 
modate the material with the highest coefficient of friction. 

(b) There may be a stoppage on the screen, and it is desirable that 
the angle should be in accordance with the coefficient of static 
friction so that the material will begin to slide when the stoppage is 
removed. 

(r) Allowance must be made for the effects of a rusty surface and 
of excessive moisture in the coal. 

(d) The greater the angle, the greater is the headroom and power 
required for elevation, and the greater will be the tendency of the 
particles to roll down the screen and escape pn)per sizing. 

(e) When the screen has once been installed it usually constitutes 
an integral step in the flow .sheet, and the inclination cannot often 
be varied without necessitating alterations to the heights of shoots 
or elevators. 

Some information with re.spcct to the angles at which particles 
of coal and dirt begin or continue to slide on various .surfaces was 
given in Chapter XIX in connection with dry-cleaning i)roce.ss 
dependent upon the different coefficients of friction of coal and .shale. 
Coals from different sources have different coefficients of friction, 
and the numerical value of the coefficient of friction of any one 
particular coal will vary according to its size and moisture-content. 
I'he difficulty of designing gravity screens for meeting all the con- 
ditions at a pithead is, therefore, apparent. The slope must not be 
too small, 9r stoppage will result *, nor must it be too great, or there 
will bcr considerable fracture of the coal and the sizing will be un- 
satisfactory. 

The commonest form of stationary gravity screen is the bar 
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screen. The bars are fixed longitudinally down the screen, and 
the spaces between them are long and narrow. Quite large thin 
particles may therefore pass between the bars when it is not desired 
that they should do so. 

The types of bar employed are various. Eleven separate types 
are shown in Fig. 257. All but No. i introduce a tapering effect which 
tends to reduce blockage of the bars and thus to make available 
the maximum screening area. Bars of this type also tend to reduce 
the breakage resulting from chipping of particles which have stuck 
in the apertures. Nos. 2, 3, 4, 9 and ii are designed to enable 
small particles to be removed rapidly, the greatest width, in section, 
being below the top of the bars. Nos. 5, 6 and 10 are designed to 
use the minimum weight for bars of the flat type. There are certain 
advantages in having a flat screen surface, but for most purposes 
it is an advantage to reduce the area over which coal is in contact 
with metal. This is accomplished in Nos. 4, 8, 9 and 10 by means of a 
rounded top of the bars. The lumps then ride on a narrow surface, 
and it is said that they meet less frictional resistance. With Nos. 
2, 3 and II, and to a less extent with Nos. 4 and 9, there is a tendency 

]''fc; 257.- Sc M 10ns through Bars used 111 Gravity Screens. 

for the lumps to lip over and release fine particles which may be 
adhering to them. 

The bars of the screens are hold togc^ther between distance 
pieces by rods passing through holes in each bar, or by cross-beafing 
bars, notched to receive them. The cross bars are u.sually about 3 ft. 
apart. 

In practice, gravity bar screens are most useful for removing 
nuts and smaller sizes from lumps before the lumps pass forward to 
picking belts. The raw coal is usually delivered to the bars by 
a .shoot, which reduces the velocity of the coal particles, and the 
screened coal is discharged on to shoots with a greater angle of 
slope, to ensure rapid clearance. Usually gravity screens are 3 to 
6 ft. wide, and 6 to 20 ft. long, and are inclined to the horizontal at 
inclinations varying from 4^ to 7^ in. per foot, the slope being greater, 
the smaller the coal. Statements of capacity of a gravity bar 
screen are very mi.sleading, for the capacity depends essentially 
upon the relation between its length and width, the size and char- 
acter of the material fed, the size of the material to be removed, 
and, especially, upon the regularity of the feed. About 8 q to 100 
tons per hour may be taken as a rough value for the capacity of a-» 
screen 6 ft. wide removing particles below i| in. 
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Gravity bar screens are cheap to instal and to operate, and the 
maintenance cost is negligible. Unfortunately, however, they are 
inefficient, effecting only a very incomplete separation of small 
from large coal ; they result in considerable breakage, and require 
considerable headroom. 

In other forms of gravity screen, a perforated plate or a wire 
mesh is used for the screening surface. Such surfaces prevent the 
passage through the screens of large flat pieces, and much smaller 
sizes can be dealt with than when bar screens are used. The aper- 
tures are round, square, or rectangular. When they are rect- 
angular, the longest side of the aperture is usually parallel to the 
direction of the material passing over the screen, but occasionally 
inclined apertures are used, the perforations in the surface being 
inclined both to the length and width of the screen. Rectangular 
perforations are also frequently staggered. Whether the screening 

surface is composed of bars, 
wire mesh, or perforated 
plate, however, the 
inefficiency of stationary 
gravity screens, and the 
headroom required, render 
them of limited applicability. 
Another form of station- 
ary screen is the drag-screen, 
on which the particles do not 
move by gravity, but arc 
moved along the surface by 
scrapers. As a rule the 
particles move down the 
screen, but drag-screens have 
been' used on which the coal is scraped up &n inclined surface. 
Screens of this type are but little used for sizing coal because of 
the great amount of breakage which results, but they are becoming 
popular for removing excess water from washed coal. In this form 
they are known as drainage conveyors, and the coal usually travels 
up a stationary inclined surface composed of bronze wedge wire, 
the water passing through the apertures. 

Grizzlies are commonly found in South Wales as part of the 
Billy-fair-play system, in which they are used to separate the fines 
from the coal sent to the ^irface by the miners. The Billy-fair- 
play is a receptacle under the screen, which collects the smalls for 
weighing. The arrangement is shown in Fig. 25S. 

The loaded pit tub is tipped over tlu' screen, on which the bars 
are ij in. apart, and which is inclined at an inclination of 4^ in. 
per foot ; tl^e smalls fall through into the receptacle below and the 
weight if. indicated on a Salter's dial, from which the receptacle is 
suspended. 

For purposes of this type the gry-vity bar screen is a useful appli- 
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ance in colliery practice. It is also quite satisfactory for coke 
screening, for coke is less easily fractured than coal, and is usually 
dry. In the removal of breeze from the large coke, great accuracy 
can be sacrificed for low cost and fairly high capacity. The efficiency 
of all such screens is increased by introducing lips or steps over 
which the coal cascades. The lip screen is popular in America. 

Another type of bar screen is the moving bar screen, which is 
more efficient than the stationary bar screen, and requires less head- 
room, but which results in greater breakage of a friable coal. Alter- 
nate bars are made to move upwards and downwards, and also for- 
wards and backwards by means of eccentrics. In other forms of 



moving bar screen one set of bars is actuated by one eccentric and 
alternate bars arc actuated by a second, set at 180 degrees to the first. 
An approximate figure for the capacity of such screens is about 100 
tons per hour for a screen 6 ft. wide, inclined at about 2 in. per foot, 
with each eccentric making a stroke of about 4 in. at 50 r.p.m. 

Revolving Screens. — Revolving screens or trommels were at one 
time the commonest form of screen found in coal washeries. They 
enable a fairly accurate gradation of the coal* to be acconmlished 
in a smaller space than with stationary screens, and at little cost. ^ 
They have the disadvantage, however, that considerable breakage 
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of the coal results. A section through a trommel is shown in 
Fig. 259. 

The trommel is composed of steel screen plates attached by 
spiders to a rigid cylindrical framework mounted on a central sTiaft. 
The shaft is supported on rollers at a suitable inclination to the 
horizontal, and is rotated by gearing at the lower or discharge end. 
In another form of trommel, the screening plates are bolted to 
longitudinal tee bars, outside the shell, and further strengthened by 
circumferential bands. Tyres are secured to the ends of the cylinder 
and are supported on rollers keyed to positively driven shafts. 
In this form of trommel, the drive is by bevel gearing at the upper 
end. The two forms are shown in Fig. 260. 

The trommel may consist of several concentric cylindrical screens, 
each cylinder having a different size of perforation to enable a 
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number of products to be made. Alternatively, it may consist of a 
single cylinder, making two products only, an oversize and an under- 
size. Occasionally, the screen will consist of a single cylinder with 
different screening sections, the feed end of the screen having per- 
forations of a certain size and the delivery end perforations of a larger 
size ; there may, in addition, be an intermediate section with an 
intermediate size of hole. 

The ordinary cylindrical revolving screen is fixed with its axis 
slightly inclined to the horizontal. In general, for coal screening, 
an inclination of about i in 12, or 5 degrees, is satisfactory. As the 
screen ‘revolves, the force of friction keeps the particles in contact 
with the screen as the surface moves upwards. When the coal is at 
the lowest^ point on the periphery of the screen, the friction between 
the co^^».l and the surface is at a maximum. The higher the point on 
i the periphery of the screen to which the particles are dragged, the 
less is the influence of frictional forces and the greater is the tendency 
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of the particles to slide dowTi the side of the screen. The frictional 
force is supplemented, however, by the centrifugal force acquired 
by the particles, which tends to keep them in contact with the 
surface. For a given speed of rotation the centrifugal force is 
constant, and the gravitational forces eventually overcome the 
frictional and centrifugal forces, and the particles slide down the 
side of the screen. Because the screen is inclined, the position to 
which they slide is nearer the lower or discharge end, and the coal 
gradually makes its way through the barrel of the screen. 

When the material is fed in bulk, a thin bed or bank of material 
is formed, rising up on one side of the trommel. If the speed of 
revolution is too slow, the centrifugal force acquired by the particles 
is small and they do not mount up the side sufficiently, leaving a 
bed too thick to allow all the particles a sufficient opportunity to fall 
through the apertures. If, on the other hand, the speed of revolu- 
tion is too great, the centrifugal force is so high that the particles 
may tend to stick in the apertures. It is thus apparent that the 
centrifugal force of the particles is an important factor in the opera- 
tion of revolving screens. 

The rate of revolution chosen varies according to the size of the 
screen and of the coal. Small coal, for example, requires a higher 
rate of revolution than large coal. Screens of large diameter are 
revolved more slowly than smaller screens in order that the peri- 
pheral speeds may be more nearly the same. To obtain the highest 
capacity with nut sizes of coal, peripheral speeds of about 200 to 
220 ft. per minute are used in America, but in England it is the 
practice to work with peripheral .speeds rather lower than this 
maximum. 

The capacity of revolving screens depends upon the speed of 
their revolution and their angk^ of inclination. The greater the 
angle, the more rapkily does the material pass over the screen, and, 
whereas the capacity is greater, the opportunity for the undersize 
to pass through the apertures is less. In general, when there is a 
small quantity of undersize, the amount of inclination may be more 
than 5 or 6 degrees, but, if it is much more than this, say 8 or 10 
degrees, the thrust on the bearing at the lower end of the central shaft 
is excessive and may give rise to mechanical troubles. 

The capacity of all screens depends essentially on the relative 
proportions of oversize and undersize, but it also depends upon the 
size and spacing of the holes, the dimensions of the screen and the 
regularity of the feed. About 4 to 5 sq. ft. of screening area in a 
revolving screen is usually required per ton of coal per hour with 
holes I in. in diameter, but about half this area is sufficient with 
2 in. holes. Thus a screen 6 ft. in diameter and 10 ft. long with i in. 
holes, can u.sually handle about 60 tons per hour 'of 4,coal. 1'his 
figure assumes a regular rate of feed at a maximum of aboat 1 ton 
per minute. If the feed is periodically below the maximum thef' 
output suffers, for the leeway cannot be made up by heavy feeding. 
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The power required varies according to the amount of coal put 
over the screen, for at each revolution a certain amount of coal is 
lifted up the side of the screen. Assuming a regular load, the horse- 
power required is about one-tenth of the hourly capacity in tons. 
Thus a plant screening 6o tons per hour requires about 6 h.p. 

The disadvantages of trommels are that they cause considerable 
fracture of the raw material (mainly as a result of collision with the 
arms), and give rise to considerable mechanical difficulties in driving, 
because of their inclination, which exerts an enormous thrust on the 
lower end bearing. They are also inefficient in dealing with fine coal 
(below, say, ^ in.). On the other hand, with nut sizes they have a 
fairly high efficiency, for the coal particles are turned over and over 
and have many opportunities of passing through the apertures. 
Moreover, they work without vibration (and can therefore be placed 
at the top of a building), require little attention, and wear satis- 
factorily. The efficiency is greater with dry particles than with 
moist particles, for in the latter case the finest pieces tend to stick 
to the surfaces of the larger, and all the particles tend to slide over 
the screening surface, whereas, when they are dry, there is a greater 
tendency to roll and screening is then more efficient. The greatest 
efficiency is obtained, however, if the particles are sprayed with 
water at a high pressure whilst they are being screened. In these 
circumstainces, or when the screening is accomplished in a stream 
of water, the water not only separates the particles from each other, 
but it tends to drag them through the apertures, so that, with water 
spraying, trommels can be used for the small sizes of coal down to 
about 

Revolving screens arc occasionally employed in cement mills to 
remove particles which have escaped grinding. This rather suggests 
tha^ they arc efficient with very fine particles, but powders behave 
differently, in screening, to material such as coal, of assorted shapes 
and sizes. 

A modification and improvement of the standard type of trommel 
is the use of a revolving truncated cone instead of a cylinder. By 
this means the end thrust on the lower bearing, already mentioned, 
is avoided and the drive is communicated by a horizontal shaft. 
This advantage is partly outweighed, however, by the fact that the 
heaviest load is borne where the cone has the smallest diameter, and 
because the peripheral speed is unequal at different positions along 
the length of the screen. If the screen is used to separate the coal 
into several sizes, the peripheral speed is least, the bulk of material 
is greatest, and the bed thickest, where the smallest size is removed. 
Each of these three conditions is adverse to the most satisfactory 
operation. 

The last two of these defects are common to'^all revolving screens 
which Jnake several sizes by using a single shell, whether it is 
cylindrical or conical in shape. The defect is simply magnified by 
the lower periphenil speed of the feed end when the screen is cone- 
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^aped. When a single jacket is employed, the smallest sizes must 
be removed first and the largest sizes subsequently. This order is 
opposed to the greatest efficiency, for, whereas fine particles require 
a greater screening area than large particles, the bulk of the material 
is greatest in the first portion of the screen. Another disadvantage 
is that large particles, which fracture more easily than small par- 
ticles, are retained for the longest time in the screen and are sub- 
jected to considerable breakage. 

These defects are overcome in revolving screens consisting . of 
two or more jackets. In these circumstances, the inner jacket 
contains the largest apertures, and the largest particles are separated 
first. The small particles can then spread themselves into a thinner 
layer in the outer jackets with a better chance of being properly 
sized. For this reason, multiple jacket screens, whether cylindrical 
or conical in shape, art more efficient than screens consisting of a 
single cylinder (or truncated cone) when it is desired to make several 
sizes in one operation. Moreover, the disadvantage suffered by 
conical-shaped screens, that the peripheral speed varies along its 
length, becomes of less importance because the smallest particles 
are separated in the outermost jacket, in which the peripheral speed 
is relatively the greatest throughout the length. 

Although multiple jacket screens have these theoretical advan- 
tages, screens of a single cylinder, containing sections with different 
sizes of apertures, are sometimes used in preference to them. Ihe 
principal reasons for this are that, to repair or replace the inner 
screens, the outer ones must first be removed, and that multiple 
jacket screens have, of necessity, a large diameter and the weight 
cannot be distributed over a long length. Moreover, with a very 
friable coal, a greater amount of fracture may be suffered as the 
particles fall from one jacket to another. 

The truncated done trommel with multiple jackets is profiably 
the most suitable screen for general washery practice, because of its 
freedom from mechanical trouble and the relatively small floor 
space required. For wet material, sprayed with water during 
screening, the jackets are made parallel and inclined at an angle of 
3 degrees to the horizontal and central shaft. With dry material, an 
angle of 8 degrees is required. Two disadvantages of the multiple 
jacket, conical-shaped screen not previously mentioned, are that 
some of the particles are passed through the apertures near to the 
discharge end of the inner jacket and there is scarcely any area for 
them to be screened on the outer jackets ; and, secondly, that 
a large area of screening surface must be carried at the dis- 
charge end of the screen where the bulk' and weight of material is 
smallest. 

In German practice, the Schmidt screen, , consisting of a single 
plate in the form of a spiral, was at one time extensively uj^d. The 
material was fed to the core of the spiral and passed from the centre 
to the outermost shell, being completely screened in one revolution. 



550 


THE CLEANING OF COAL 


iiiiimianHBUiiiiiiiiiiiiii'': 


in|iniiiiiii«aB| )i 

I IlilUIHUIIMIll ( 
,1 iiHiiiiiiiiiaaiKl I 

I nHuiiiiiliaian; < 
I luiuiiiiiiiBaaiil |< 

iwiiaiiiiiaaai-j I 

„ i|iMiuiiiiaaa»‘k li 
|«iiniNiiiiiaaat)| ii 
I niniiuimiaaatil i 
1 iMiniiiiiiiaaarl |i 
J 1 1 

I iiiiiiiiiuiitaaai[ 

I llllllllllll■■aaall! i 
I iiiiiiiiiijiiaaaBl 
''timiiiiiiiiaaat’I 
xiiHiiiiiiiiaiarl 
iiiniiiiiKiiaaat'l I 


The shells had different sizes of apertures, and the sizes were kep't 
separate by partitions in the annular spaces. 

Another modification of the usual type of rotating screen is the 

use of polygonal screens instead of 
cylindrical screens. The flat plates 
of the polygonal type help to break 
up an agglomerating mass and are 
more easily replaced if worn. They 
cause more fracture than cylindrical 
screens, however, and are therefore 
unsuitable for coal. 

Square-mesh woven wire sections 
are often used instead of perforated 
plates in all types of revolving screen. 
A far greater proportion of the total 
area of the screen then consists of 
apertures with a consequently in- 
creased capacity. Such screens, how- 
ever, wear more rapidly than those 
i with perforated plates. 

) The T. K. Screen . — A modifica- 
j tion of the usual type of revolving 
! screen is the T. K. screen (Messrs. 
J R. H. Kirkup, Gateshead-on-Tyne), 
i which consists of a woven-wire 
cylinder mounted horizontally. The 
I cylinder is made up of one or more 
)• sections, each with a different size of 
I aperture to enable different sizes of 
coal to be made. Instead of the coal 
travelling along the screen by 
gravity, however, it is caused to 
travel forward by metal plates 
inside the cylinder. 

The screen is shown in Figs. 261 
and 2()2. The wire-rnesh surface of 
the cylinder is composed of steel wire 

Z T^ built in sections upon a steel frame. 

There are four sections in the cir- 
• cumfcrence, and, generally, the length 
is divided into two parts, as in 
✓ , — 1— L- pjg 261, the first part removing the 

/ smallest material and the second 

part a larger size of material. The 
oversize is Collected at the discharge end of the screen. The cylin- 
der, at %ach end and at the division between the different mesh 
sizes of the .screen, is fixed rigidly to the central shaft by spider 
castings or spokes. The faces of ttie spokes are set at an angle, so 
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that when the coal inside the cylinder comes into contact with 
them, it does not hang, but slides forward. 

Each end of the cylinder is framed in an iron girth wheel or 
runner band, which is supported on iron rollers, and the cylinder can 
be revolved either by driving the rollers or by driving the central 
shaft. The latter method is preferable, as it places less strain on the 
mesh wire. 

The central steel shaft is shown diagrammatically in Fig. 262. 
It is made of mild steel and has mild steel plates attached to it 
between distance pieces. Each of these plates is flat for a portion 
occupying three-fourths of the cross-section of the cylinder and 
normal to the central shaft. The remaining one-quarter of the cross- 
section is occupied by an inclined portion, which connects one plate 
with the one next to it. The plates divide the cylinder into com- 
partments, and the inclined portions of them act as scoops, and 
cause the coal, after it has remained in 
one compartment for three-fourths of a 
revolution, to be moved forward to the 
next compartment. The inner shaft, 
with the plates fastened to it, and the 
screen mesh, all rotate together. Sup- 
pose that coal is in the first compart- 
ment ; it will, of course, be resting on the 
wire mesh, and as the cylinder rotates, 
will be screened. After three-fourths of 
•a revolution the inclined scoop gathers it 
up and sweeps it upwards with it. As the 
scoop rises, the coal slides off it and into 
the next compartment. By this means it 
gradually traverses the whole screen. It 
would be noticed that this device does 
not act as an ordinary screw conveyor, in which the screw revolves 
and the outer cylinder is stationary. In the T. K. screen the cylinder 
revolves with the screw. 

In Fig. 262 the joints between the sti'aight (4) plate and the 
inclined scoop (4) arc not sliown, and the dLstance pieces and collars 
fastening the plates to the shaft are also omitted. In operation the 
feed is continuous, and each compartment contains coal in various 

stages of screening. , 

The capacity for an average British coal is approximately as 

follows : — 

Capacity with 
Apertures of t in. sq. 

Tons per hour. 

8 . 

. 15—20 

. 20 — 40 

. 40 — 90 


Diameter of ('ylinder. 
Ft. 

n ■ 

3 

4 

5 



}"iG. 262.— Screw of T. K, 
Screen: Diagram. 
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The lengths of cylinder vary according to the proportion of 
undersize, and the horse-power required varies from 2 ^ to lo h.p., 
according to the length of the screen. When the screen is composed 
of two sections of different aperture size, the scoops forming one- 
fourth of each plate of the conveying screen are arranged in line in 
each section, but the scoops in one section are placed at i8o degrees to 
the scoops in the other section for balancing purposes. 

The chief advantage of the T. K. screen over inclined cylindrical 
screens lies in the fact that the driving shaft is horizontal, but 
another advantage is that the plates of the screw device prevent 
particles from rolling over the top of the bed and escaping screening. 

The chief disadvantage would appear to be that the wire-mesh 
surface is worn by abrasion more rapidly than perforated plate. 

Shaking or Jigging Screens. — Shaking or jigging screens are 
rapidly displacing trommels in colliery practice. They are more 
accurate, more accessible, cheaper to operate, and have a con- 
siderably greater capacity. Where possible, they are used in 
washeries, but for washery practice the vibration and the length of 
screen are often serious objections. 

A shaking screen consists of a flat perforated surface mounted in 
a framework and inclined slightly to the horizontal. The framework 
is connected to an eccentric, or other driving mechanism, which can 
cause a reciprocating motion, and material fed to the upper end of 
the screen travels down it at each backward stroke, when the sup- 
porting surface is, as it were, suddenly withdrawn. 

For colliery practice, shaking screens have the advantage that 
they can also serve as picking tables and that they act as conveyors 
and enable the products to be discharged directly into hoppers or 
wagons at different points. The screen can, indeed, be converted 
into 5, conveyor by veiling '' or covering it b}^a flat plate. Phey 
are often mounted side by side or one above the other, and they are 
also frequently hung in pairs so that their to and fro motion does not 
shake the building unduly. In these circumstances they can be 
balanced by using two eccentrics, i8o degrees apart, on the same 
driving shaft. 

Generally the screen consists of perforated steel plates bolted to 
longitudinal steel channels or angles, and supported by cross pieces 
beneath the surface. This gives a rigid structure capable of with- 
standing heavy service. For screening the smaller sizes a lighter 
framework may be used. The American practice of using a wooden 
framework finds little favour in this country, and even for light work 
a steel frame is usually adopted. 

The screening surface consists of punched steel plate, or, for 
the smallest „sizes, wire-mesh gauie. (iauze will not lie flat, and 
requires tmore support than plate, the supported parts being 
blinded. The wear is also greater, and, because of the greater 
frictional resistance, a greater slope awd more headroom are required. 
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Perforated plates are cheaper and have a longer life, and are also 
easier to renew. 

The use of jigging screens for dewatering washed fine coal is 
rapidly establishing itself in England, especially in those systems 
employing Baum washers. For the purpose of dewatering, the 
screen is composed of wedge wire rods arranged longitudinally. 
The rods are triangular in section, and one of the flat sides of a 
series of rods forms the surface along which the material slides. 
The water passes through the gaps between the rods (carrying with 
it perhaps some of the finest particles in suspension), and is rapidly 
removed from the expanding openings below the surface. 

The mechanism for causing the jigging motion of the screen 
consists, usually, of a simple eccentric and driving rod, giving a 
simple harmonic motion. The motion is varied somewhat by different 
makers. In some types, the drive is communicated through a crank 
shaft which also produces a regular reciprocating motion. In other 
types, the forward stroke is one of rapid acceleration, changing 
instantaneously to one of rapid retardation during the backward 
stroke. This motion is familiar in the design of concentrating 
tables, and its object is to facilitate the passage of particles from 
one end of the surface to the other. With a motion of this type the 
screen can be erected more nearly horizontal than a screen actuated 
by an eccentric or a crank shaft, and the crisper movement helps to 
throw particles out of apertures in which they may tend to stick. 

Most jigging screens are arranged so that during the forward 
stroke the motion carries the .screening surface slightly upwards, 
and slightly downwards during the backward stroke. This again 
facilitates the passage of the material over the .screen. The principle 
was early employed in the Ferraris screen, or zimmer, which consists 
of a horizontal tray with a perforated base, supported on inclined 
flexible legs. The mcftion imparted by an eccentric causes a]terna!ely 
a forward and ri.sing motion and a backward and downward motion. 
This arrangement, though admirable for the purpose of conveying 
the material from one end of the screen to the other, is not always 
altogether satisfactory from the screening point of view, for the 
material tends to travel forwards with a series of hops and is not 
constantly in intimate contact with the screening surface. 

In the ordinary inclined type of jigging screen the .speed and 
stroke of the eccentric and the angle of inclination of the screen are 
related. These variables must be so arranged that when the screen 
is withdrawn at the end of the forward stroke of the eccentric the 
particles must be able to slide down the surface, the rate of with- 
drawal being such as to overcome the forde of friction between the 
two surfaces in contact. During the forward stioke, the eccentric 
causes an acceleratioh of the screen surface, and if the acceleration 
is sufficiently rapid, there will be a tendency for the particles to 
move up the screen. This movement would tend to retard the 
progress of the particles over thft screen and reduce its capacity. 
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There is, therefore, a maximum speed of acceleration which must 
not be exceeded, as well as the minimum rate of withdrawal of the 
screen, below which the particles will not slide down the screen on 
the backward stroke. 

Holbrook and Frazer (U.S. Bureau of Mines, Bull. 234, 
have shown that these limiting conditions may be expressea as 
follows : — 

Maximum : a>^R = ^ (^5) 

(cos a — ft sm a) ' 


Minimum : 


^ ( m co s g — sin a )g 
(cos g + ft sin g) 


(46) 


in which oj is the angular velocity (or revolutions per minute of the 
eccentric) and R its radius (or half its stroke), ft is the coefficient of 
friction, and g the inclination of the screen. The equation (45) gives 
the maximum condition, and equation (46) the minimum condition. 
For a given slope of screen and a given coal, the right-hand sides of 
each equation become constant, and the limiting values of the 
multiple oi^R may therefore be calculated for any known set of con- 
ditions. 

Although these general conditions are of wide application, cir- 
cumstances frequently warrant a value of co^R greater than the 
stated maximum. With small coal it is an advantage to have the 
particles moving slightly upwards when the screen moves forwards, 
for the bed is then kept loose and the particles are shaken about, so 
that the smaller sizes can reach the screen surface. It is also possible 
to exceed the maximum with large coal without decreasing the 
capacity, but practical limitations are imposed, becaUvSe, if the 
multiple a>2R is increased unduly, the vibration is excessive, close 
screening is sacrificed, and fracture of the coifl is more severe. 

The speed of passage of coal over inclined screens should, in 
general, be about 30 to 40 ft. i)er minute. Above this speed there is 
a tendency for breakage and the screening is not efficient. 

The commonest form of jigging screen in use in Great Britain 
consists of a perforated tray suspended by hangers. The screen 
made by Plowright Bros, is inclined at various angles from the 
horizontal up to 15 degrees, and the hangers make angles with the 
vertical which vary from 15 degrees if the screen is horizontal, to 
0 degrees if the screen is inclined at 15 degrees. There is thus always 
an angle of 75 degrees between the screen and the hangers in the 
mean position. For a screen. fixed at 15 degrees to the horizontal, 
a stroke of 5 in. is usually imparted. With a horizontal screen the 
stroke is increased to 7 in. The speed of the jigging motion varies, 
but is greater" when the stroke is shorter. A ‘stroke of 5 in. and a 
rate oPrevolution of the eccentric of 100 r.p.m. is usually satisfactory 
for the main colliery screening plant. The screens are arranged in 
pairs, one following after the other, and may also be so arranged 
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that they consist of different decks, the undersize from the upper 
deck being screened on a lower deck. 

When used for removing dry dust, of size less than, say, i mm., 
the screen consists of wedge wires arranged longitudinally and hung 
on hangers in the same manner. The stroke, however, is only 2 in. 
and the vibration has a frequency of 240 per minute. For coal 
which is damp, the ordinary screen may be actuated by a bumping 
cam underneath the screen, bearing on a block. In these circum- 
stances also the inclination of the screen must be increased to 
30 degrees. 

The suspension of shaking screens is a matter of considerable 
importance. On poorly built screens, mechanical difficulties fre- 
quently arise owing to excessive wear in the driving and supporting 
mechanism. The troubles can often be traced to dirt getting into 
the eccentric drive, or to bad balancing of the drive, as a result of 
which there is an excessive and uneven wear on the suspension 
bearings and the screen develops a wobble. 

To overcome defects in the suspension the screens may be 



Fig. 26j. — Roller Supports for Jigging Screens. 

driven on rollers running on a track, and this method of support has 
been occasionally usdd in preference to hangers. Hung screens Sre, 
however, better than roller screens, provided that the screens are 
properly designed. With roller supports, the path of the screen can 
be made to suit the circumstances. The track may be horizontal, 
giving a motion very similar to vertical hangers, or may be inclined 
to give an upward motion on the forward stroke and a downward 
motion on the backward stroke. Curved tracks can also be used, 
giving a sharp reversal of direction at the end of each forward or 
backward stroke. All roller-supported screens require more power 
than suspended screens, and the vibration of the supporting structure 
is therefore greater. 

Roller supports may be made so that the rollers are fixed to the 
screen plate {a, Fig. 263) and run in a fixed track on the supporting 
structure. With this arrangement dust collects on the bearing 
surface and greatly iftcreases the rolling friction and w^ar. A second 
method of support (c. Fig. 263), open to the same objection, is to 
employ a loose roller bearing against two fixed surfaces, one attached ^ 
to the screen and one to the supporting structure. This arrangement 
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has the advantage of a minimum bearing friction and has been 
extensively used in screening plants. A simpler method of con- 
struction (6, Fig. 263), which minimises the accumulation of dirt on 
the bearing surface, is to employ a fixed roller on the supporting 
mechanism and to attach the track to the screen. It is really an 
inversion of the first method. 

Hung screens may be suspended on simple rods or wooden staves, 
but the best method of suspension is provided by a short-arm or 
drop-shaft hanger. Wooden hangers, as used in America (in the 
Parrish screen, for example), are 6 to 8 ft. long, and the screen there- 




Fig. 2O4. — Hanger Supports lor Jigging Screens * (a) Driver outside Hanger 
(b) Driver inside Hanger. 


fore moves through about a 6 in. arc of a circle of 6 ft. radius. Its 
motion is, therefore, practically horizontal. The advantage of a 
forward upward motion in keeping the bed loose, maintaining a high 
capacity, and throwing particles out of apertures in which they may 
have stuck, are therefore lost. To obtain these advantages, short 
arms must be used for suspension, but the flexion on short wooden 
or metal hangers when they are rigidly attached at one end to the 
screen ’and at the other to the supporting structure is excessive when 
the throw imparted is as great as 6 in. 

The adyantages and convenience of shorf-arm suspension are 
provided by hanger’ supports as shown in Fig. 264. This method 
‘ of su.spension, when well constructed, is the most satisfactory means 
of suspending shaking screens. 'Khe hangers have cast-iron marine 


SCREENING 


557 


type ends with steel bars between. For balancing, the screen is 
divided into two portions, each portion having a separate driving 
rod from the eccentric. In order to keep the driving rods straight, 
one drive is outside the hanger and the other inside. 

The shortness of the arm enables the rate of oscillation of the 
screen to approach the theoretical time of oscillation of a pendulum 
of length equal to that of the arm. The motion is therefore more 
nearly a natural motion, and some part of the strains resulting from 
the frequent changes of direction is absorbed. The motion is not, 
of course, the regular to-and-fro motion of a pendulum, for thle 
hangers are frequently set at an angle to the vertical and the back- 
ward swing is arrested by the eccentric. Similarly, when the hangers 
at rest arc vertical, the motion imparted by the eccentric does not 
allow the backward swing to develop. 

The advantages of slu^rt arms, working in bearings, are smooth 
running and absence of vibration, a saving in power consumption, 
and a greater ease of alignment. 

The driving mechanism and the correct balancing and alignment 
of screens are important considerations in maintaining an absence 
of vibration in the buildings. For this reason differential driving 
motions (as on the Marcus screen) arc less satisfactory than plain 
eccentric or crank drives. The balancing is a difficult matter ; it 
is best accomplished by driving screens in pairs, with eccentrics on 
one shaft, but set at i8o degrees ; but the balance is disturbed each 
time a tub of coal is supplied to the upper .screen. Balancing is .still 
more difficult when double- or triple-deck screens :ne employed for 
making three or four sizes simultaneously. 

Although jigging screens may be considered to be the best type 
for general use in colliery practice, especially for .sizes down to in., 
on account of their efficiency, high capacity and cheapness, the 
advantage they hold over other types of screen is appreciably redixed 
unless they arc supplied by a reliable and experienced firm. In such 
circum.stances, they operate without any attention, other than 
oiling, for long periods. The screen plates will wear without renewal 
for periods up to two years, and the adju.stment of bearing parts is 
seldom required. 

Jigging screens of inferior quality, however, are re.sponsible for 
many troubles. The moving parts rapidly fall out of alignment, 
vibration of the foundations is set up, and the building and neigh- 
bouring plant is adversely affected. Furthermore the material 
sometimes tends to bank at one side of the screen and the uneven 
spreading over the surface reduces the efficiency. Other features 
of screens not designed with proper care are bad balancing and 
breakage of the coal , owing perhaps to a too sudden arrest on reach- 
ing the end of the shoot on to the screen, to a long fall from the end 
of the screen, or to a jerkiness of the jigging hiotion causipg frag- 
ments to be chipped off by the edges of the apertures. » 

A means of overcoming the vibrations set up in the building by 



558 THE CLEANING OF COAL 

jigging screens has recently been described by Jacquelin {Rev.* de 

The device, described as a '' pendular 
oscillating device of the internal-reacting type,'' is a system of shock 
absorbers and consists of two sets of springs attached to the frame- 
work of the screen, one set being in tension, whilst the other is in 
compression. 

The capacity of a jigging screen in tons per square foot of screen- 
ing surface depends essentially upon the sizes into which the coal 
is to be separated, the proportions of oversize and undersize, the 
Wetness of the coal, the regularity of the feed, the inclination, and 
the speed and stroke of the eccentric or other actuating device. It is 
usually considered that the width of a screen fixes its capacity and 
that its length determines the efficiency of screening. The best 
guide to capacity is previous experience, but it is usually found that 
for a capacity of 6o to 70 tons per hour at least 6 ft. of width will be 
required to remove i in. coal or of about 4 ft. to remove 2 in. coal. 

Warden 1 gives the following figures for 

the dimensions and arrangement of the holes in perforated plates 
for screens : — 


Djainc'lcr of 

1-1 ole. 

'riiickncss 
of Plate. 

Distance between 
Cenlre.s of Hole.s. 

Weight of I^late. 

(In) 

(In) 

(In.) 

JJ). per sq. ft. 

1 

¥ 

1 

8 

3 

8 

3i 

8 

1 

8 

!> 

J 

3i 

] 

2 

;32 

3 

4 

3l 

.'3 

4 

;3 

1 r, 

! ^8 

4h 

7 

h 

;3 

1 <i 


48 

I 

1 

4 



I 4 

] 

4 

ig 


li 

1 

4' 

2 I 



4 

2^ 

^8 

H 

2 

4 

3 


2 J 

1 <; 

34 

7l 

3* 

1 r. 


7§ 

3* 

3 

8 

5i 

9l 

4 

3 

8 

() 



Vibrating Screens. — Vibrating screens differ from shaking screens 
in that^ the reciprocating movement imparted to them is of greater 
frequency and much smaller amplitude. The oscillation of the 
surface of a shaking screen is calculated to cause the particles to 
move fprward as a result of the impulses imparted to them. On a 
.vibrating screen, however, the particles usually move forward by 
gravity alone, and the motion of tlje surface tends to shake them and 
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make them dance on the surface in a manner similar to that induced 
in hand sieving, rather than to cause them to move down the screen. 
There are two types of vibrating screen, the impact type and 



the osc illatory type. In the first class are included the Newaygo, 
Impact, Leahy, Hoyle, Buzza, and Hummer screens, in which the 



li'iG. 266. — ^Mechanism of Leahy Screen : Diagram. 

^ • 

vibration is induced or terminated suddenly and intermittently, 
and only the woven-jvire mesh of tlje screen surface is made to vibrate. 
The second class includes the Arms, Overstrom, Mot(J-Vibro, and 
Karlik screens, in which the framework holding the screening sur- 
face vibrates rapidly and regulariy. 
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The Newaygo screen consists of a woven-wire surface enclosed 
in a steel casing, which is pierced by a number of pins. A series of 
hammers strike rapid blows on the pins, which vibrate the protected 
screening surface. The principle is shown diagrammatically in 
Fig. 265. 

In the Leahy screen (Fig. 266), made by the Deister Concentrator 
Co., a revolving cam strikes a series of blows on a pivoted tappet, 
causing a vibratory motion in a connecting rod. The vibrations 
are communicated to the screening surface by a yoke fastened rigidly 
to a cross-piece on the opposite side of the screen surface. In the 
Hoyle vibrating screen (Fig. 267) oscillation of the screening wires is 
produced by an eccentric shaft connected by two arms to the screen- 



Fig. 269. — The Hummer Screen : Diagram of Vibrating Mechanism. 


ing surface. The arms are fastened to contact bars clamped longi- 
tudinally along the screen wire. In the Leahy screen, the cross- 
piece in contact with the wires is placed latitudinally across the 
surface. 

The Hummer screen (Figs. 268 and 269) includes an electro-mag- 
netic arrangement for imparting the vibrations. The screening 
surface is fastened to a- vibrating unit consisting of a solenoid 
magnet and armature. Current is generated by a special generator 
supplying 15-cycle, single-phase current, and the magnet alternately 
attracts and releases the armature, moving it upwards and down- 
wards. On the upstroke, the motion is terminated suddenly by 
striking against bumping blocks^ The amplitude of vibration is 
regulate^d by adjusting the tension of a spiral spring to which the 
core of the magnet is attached. 

In all these three screens of the impact type, the wires of the 
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Fig 26S — View of Hummer Screen 



Fig. 271. — Th'- Arms Screen. 
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scceen are tightly stretched and vibrate like piano wires, the enclos- 
ing frame being relatively stationary. The frequenty of vibration 
is about 250 per minute in the Newaygo, 1,600 per minute in the 
Leahy, and 1,800 per minute in the Hummer. AU three screens are 
arranged with a steep slope. 

The second class of vibrating screen includes those in which the 
whole screen and framework moves rapidly to and fro. The Over- 
strom and Arms screens may be taken as typical. 

The Overstrom screen (Fig. 270) resembles the H.H. concentrat- 
ing table in that it is actuated by the revolution of an unbalanced 
pulley, running on a shaft fixed rigidly to the frame. The pulley 
rotates at about 1,600 r.p.m., and imparts an equivalent number of 
vibrations to the screen. The coal travels over the screen by gravity 
and is shaken about on the surface by the vibratory motion. The 
vibrations are so rapid that they are transmitted to the wires forming 
the screen surface. 

The Arms screen (Fig. 271) differs from other vibrating screens 
in being nearly horizontal, consequently it has the advantage of 
requiring little headroom. Tt should, perhaps, be classed as a 
shaking screen rather than as a vibrating screen, for the oscillatory 
movement is responsible for the travel of the material over the screen, 
as well as for imparting a vitiation to the screen wires. Neverthe- 
less, its high efficiency must be attributed to the vibrations set up, 
and, in common with other types of vibrating screens, it is particu- 
larly adaptable to screening small coal. It consists of a woven-wirc 
mesh fastened in a steel or wooden framework, which is vibrated by 
ball-bearing occcntx-ics, rotating at about 500 r.p.m. At one end 
the screen is supported by irchned rocker arms, which cause the 
motion during each stroke to be slightly upward. Against the 
advantage of small headroom must be offset a slightlv higher power 
requirement as compared with other types of vibratory screen. 

Vibrating screens have not been employed at collieries in tliis 
country to an extent sufficient to enable a reliable comparison between 
different types to be made, especially with respect to capacity and 
efficiency. It may be .stated, however, that, as a whole, they have 
a greater capacity for a given screening area, and work with a greater 
efficiency than other kinds of screens, 'fhis is especially so when 
they are used on small coal. The rapid vibration not only keeps the 
screen apertures clear and hastens screening, but also produces a 
certain amount of classification, there being a tendency for the 
smaller particles to segregate beneath the larger particles. In these 
circumstances the small particles are in a position to fall through the 
apertures more readily. The rapid motion continually .brings 
fresh particles into contact with the screening surface, and the 
vibration of the individual wires Ijelps the particles ^to work their 
way through the apertures. . • 

The capacity of the screens will probably depend moj^ upon 
the nature of the material fed than upon the nature of the screen,* 
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and any comparison between the two types should be based upon 
tests on identical material. In general, the capacity will depend 
upon the relative proportions of coal and shale, of oversize and under- 
size, and on the accuracy of sizing required. For maximum capacity 
it is essential that the particles be fed uniformly and at the optimum 
rate. The Ipad on the screen must not be too heavy to damp down 
the vibrations (especially with an impact type of screen), nor must 
it be too light, or the particles will tend to bounce over the surface. 

Since the maintenance of a correct depth (or weight) of bed 
materially affects both the capacity and efficiency of screening, 
it is obvious that, if the optimum conditions obtain at the feed end 
of the screen, they will not also obtain at the other end, for much 
of the material fed will then have passed through the apertures. 
Screens like the Overstrom and Arms, which utilise a uniform vibra- 
tion over the whole surface, are unable to overcome this effect, 
whereas differential vibrations can be applied at different positions 
on screens of the impact type. 

The disadvantage of screens using percussive hammer blows is 
that the impacts are harmful to the machinery and set up vibrations 
in the building. An objection to the Hummer screen is that a 
special generator has to be installed to supply the current for the 
electro-magnet. 

One of the principal uses of vibrating screens is in connection 
with the dewatering of coal. For this purpose wedge- wire rods are 
arranged longitudinally along the screen, which is actuated by 
an eccentric rotating at about 250 r.p.m The screen is nearly 
horizontal, being inclined slightly upwards from the feed to the 
discharge end. A modified screen of this type is fitted to all 
Rheolaveur slurry washing plants, and, in general, the moisture 
content of the cleaned slurry is reduced to below 30 per cent. There 
apjjpars to be no reason why some of the other types of vibrating 
screen should not be used for dewatering, the screening surfaces 
being made of bronze or brass wire. 

For the larger sizes of coal, vibrating screens, with the exception 
of the Arms screen, are at a disadvantage when compared with 
shaking screens because of the greater headroom required. They 
are also more expensive in upkeep because large pieces of coal wear 
the screen wire much more rapidly than they wear punched steel 
plate. On small coal, however, there is no comparison between the 
two. Vibrating screens, though more expensive in initial and upkeep 
cost, are much more efficient in operation on dry material. It is 
not established, however, that they are more satisfactory than 
ordinary shaking screens for . screening small wet coal after washing 
when the bed of coal on the .screen can be sprayed liberally with 
water, and the chief function of vibrating screen^; in coal preparation 
would appeiir to be in connection with the removal of dry dust from 
coal be/ore washing. 

The Berrisford screen, installecji at Berryhill Colliery, Stoke-on- 
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Trent, an inclined shaking screen, which includes a device for 
making the screening plates vibrate. The plates are stepped and a 
screen 10 ft. long consists of four plates. Each plate is turned down 
for I J in. at the lower end and turned up for in. at the upper end. 
The tum-up at the upper end of the second plate fits behind the 
turn-down at the lower end of the first plate, and a space of about 
I in. is left between the lips. When the screen is shaken by the 
eccentric, the plates are free to shake longitudinally inside the frame 
by the amounts of the spaces between the lips, and vibrations are 
set up, which largely prevent ‘‘ blinding,” and greatly increase the 
efficiency of screening. The screen, therefore, combines some of the 
advantages of both shaking and vibrating screens, and for dry 
screening, it is said to have a high efficiency when working with 
small coal. For in. screens a stroke of in. is imparted 150 
times per minute. A 10 ft. by 5| ft. screen can deal with 50 tons of 
coal per hour. The screen is mounted on rollers and driven by an 
eccentric. 


SCREEN SIZE STANDARDS 

The absence of any uniformity, either in England or America, 
in the terminology of coal sizing is due partly to the absence (hitherto) 
of a demand for accurate terminology, and partly to the difficulty 
of conforming any agreed system with existing industrial conditions. 

The standards of size proposed for the purposes of ore-dressing 
are inappropriate for coal because, in ore-dressing, the usual unit 
of measure is the millimetre, and because the sizes are nearly all 
below I mm. In the preparation of coal for sale, however, except 
on the Continent, the inch is the standard unit of measure and the 
most important sizes for the purpose of grading the coal are those 
between ^ in. and 4 tn. For ore-dressing, Rittinger [AufbereitiMgs 
kunde, 1867) proposed a standard scale. He took i mm. square as 
the basic size and increased or decreased the side of the square by 
Vz for successive sizes. The area of aperture in square millimetres 
was then a power of 2 or of Richards has suggested the use of a 

-^2 ratio, which enables a larger number of sizes to be used. The 
U.S. Bureau of Standards combined these two proposals in its 
suggested scale for ore sizing, and from the basic size of sieve opening 
of I mm. square, the sizes of the other members of the series were 
obtained by multiplying by V2 until 8 mm. is reached or dividing 
by 's/i for the sizes below i mm. 

The Tyler standard largely used in America and occasionally in 
England, employs the V2 ratio proposed by Rittinger, and the 
complete series of .sizc?> ranges from 1-05 in. (26'67 mm.-) tq 0*0029 
(0-074 mm.). ' • 

The standard series proposed by the Institution of Mining and • 
Metallurgy, London, provides thai the wire used for making sieves 
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shall be equal in diameter to the width of the apertures, and that 
the unit of measurement shall be the inch. Thus, for square aper- 
tures whose sides arc each in. long, wire in. in diameter is 
employed. In these circumstances, for each inch of length of the 
sieve (measured along a wire) there are five apertures, and the sieve 
is a 5-mesh sieve. With the I.M.M. series, therefore, the size in 
inches of the particles passing through is half the reciprocal of the 
mesh number. This is convenient for reference purposes ; in other 
standard scales there is no such convenience, and the size of the 
particles passing through the sieve bears no simple relationship to 
the mesh number. 

The sizes of the apertures and the diameters of the wires used in 
the I.M.M. and Tyler scales are given in Table 147, 

Table 147. — Comparison or Screen Sizes 

I.M.M. Standard. i Tyler Standard. 

I 


Mcbh 1 

J )iam. 

Aperture. 


Diam. 

Aperture. 


Wire, 


1 

Mesh 

Wiro. 



Nu. 


1 

j 

No. 





In. 

In. 

Mm. , 


In. 

1 

In. 

Mm. 

5 

1 

1 0 

1 

! OTOOO 

2-540 

3 

0-070 

0-263 

6-680 

8 

1 

I (. 

o-o()i5 

1-574 j 

4 

0-065 

0-185 

4-699 

10 

1 

•j 

o-o50() 1 

1-270 1 

() 1 

0-036 

1 0-131 

3-327 

T2 

1 

L' 4 - 

0-0467 

1-065 

8 

0-032 

0-093 

2-362 

16 

1 

ll J 

0-0312 1 

0-792 , 

10 

0-035 

0-065 

1-651 

20 

1 

4 i) 

’ 0-0250 

0-635 1 

14 

0-025 

0-046 

I-168 

30 

1 

( ) 

0-0177 

0-421 

20 

0-0172 

0-033 

'>-833 


1 

S ( > 

0-0125 

0-317 

, 28 

0-0125 

0-023 

0-589 

50 

1 

1 

0-0100 ; 

i 0-254 

35 1 

0-0270 

0-016 

0-417 

60 

1 -J T) 

0-0083 1 

0 - 2 II 

4 H 1 

0-0092 

0-012 

0-295 

70 

1 

J 4 i) 

0-0071 

0-180 

^>5 I 

0-0072 

0-008 

0-218 

80 

1 

Tft 0 

! 0 -Oo 62 

I 0-157 

100 ! 

0-0042 

0-006 

0-147 

90 

1 

1 H<» 

0-0055 

i 0-139 

150 ! 

0-0026 

0-004 

0-104 

100 

1 

■J i) (> 

. 0-0050 

i 0-127 

200 

0-0021 

0-003 

0-074 

120 

1 

‘J i (} 

(roo47 

j 0-107 




! 

1 

150 

\ 

.1 0 0 

0-0033 

1 0-084 




i 

1 

200 

1 

4 0 0 

0-0025 

1 0-063 



i 

1 

1 

1 

1 


Holbrook and Frazer {loc. cit.) have proposed a scale for coal 
screening with round, instead of square, holes, varying in diameter 
from 8 to in. Each successive member of the series has an aperture 
with a diameter one-half that of the member above it. This series is 
not altogether satisfactory. A .series below i in., whose only mem- 
bers are Jin., J in., J in., in., in., and ^ in., is inadequate for 
practical purposes. It provides, for four sizes below J in., and for 
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orlly three between i in. and J in., which is the reverse of industrial 
requirements. Moreover, it is difficult to ensure uniformity in the 
manufacture of punched plates with round holes of in. diameter, 
and no provision can be made for sizes below in. in a series using 
round holes. 

The object of adopting a ratio of \/ 2, or 2 to i in the standard 

series is to have the areas of the apertures in the form of a geometrical 
progression. The only advantage of a geometrical progression of the 
sizes of screen apertures is that when logarithms of the sizes are 
plotted as abscissae, the successive screens are placed at regular 
intervals. But this arrangement appears to have little practical 
merit. There is some justification for a regular series of sizes in such 
industries as, say, the cement industry, and in certain ore-dressing 
processes, where very fine regular particles are encountered, but when 
dealing with a material such as pit coal, which contains particles of 
all and assorted shapes, the advantage would appear to be somewhat 
questionable. 

For industrial purposes, the most satisfactory method of grading 
coal would be one in which the gradation depended upon differences 
in the specific surface of the particles (volume divided by surface 
area) but, unfortunately, this cannot be achieved in practice, 
especially with such a material as pit coal, in which the shapes are 
very irregular. Screening is the best alternative, but by screening 
it is only possible to ensure a fairly uniform gradation, the gradation 
depending on the maximum or minimum area of the particles in 
section. It would therefore seem unreasonable to ini>ist on a standard 
scale of sizes bearing definite mathematical relationships to one 
another, and some arbitrary series of sizes could be chosen, based on 
the requirements of industry. 

It might be satisfactory to choose a series such as the following : — 


4 in. 

li in. 

S in. 

10 in. 

A in. 

3 ,, 


»» 

i ■<; » » 

1 

4 ’» 

1 

ii i 

^ ,, 

I „ 

7 

N 

1 

7 

1 

:i 

n. >» 

H 

50 mesh l.M.M. 


3 

4 " 

3 

8 »» 

1 

1 (1 »» 

100 ,, 


The sizes of the members of this series bear no uniform relation 
to each other ; in some parts of the scale the progression is arith- 
metic, but for the lower members from ^ to in. it is geometric. 
Whether twenty-four members of the series are necessary is doubtful, 
but, in industrial practice, there is no need to employ any sizes 
which have been oAiitted, and it •might be possible- to omit several 
of those suggested. * • 

These sizes would be satisfactory for all coal except export coai^ 
for which gradation in millimetres is required. Sizing in milli- 
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metres might eventually be acceptable for inland trade, but if 
the foreign customer requires sizing in his own units, the inland 
consumer is likely to require sizing in British units. The sizes 
proposed in South Wales, 8o, 55, 25, 15, 8, 4 mm., correspond 
approximately to 3, 2J, i, in. 

The choice of round or square holes is one made only with 
difficulty. Round holes ensure greater uniformity of the product, 
are less liable to blind,"' and are cheaper and easier to make. On 
the other hand, for the smallest sizes, and if wire mesh is used, it is 
necessary to have square or rectangular holes. 



CHAPTER XXX 


WASHERY CONTROL 

In Great Britain, the control of a coal washery is often entrusted 
to unskilled labour with only occasional supervision by the colliery 
engineer, the coke-oven manager, the colliery or coke-oven chemist. 
Day-to-day testing by the float and sink analysis of samples is usually 
practised, but the method of collecting the samples is frequently open 
to criticism and the methods of testing are not always well chosen. 
In many instances it would appear to be profitable to establish more 
adequate supervision and to revise the methods of testing. 

The general interpretation of float and sink tests has been con- 
sidered at some length in Chapter II, and the methods of estimating 
the efficiency of operation of the plant are given in Chapter XXXI. 
In this chapter we propose to deal more particularly with the 
application of float and sink tests to washery control. 

Washery control may be considered from two points of view, 
firstly, that of the washery man, who wishes to know whether the 
washer is operating properly or whether any variation in the quality 
of the products is occurring, and, secondly, that of the colliery 
management. The wa.shery man is concerned with the adjustment 
of the settings of the washer ; the colliery management desire to 
know what proportion of the raw coal is being recovered and whether 
the washer is working as efficiently as possible. 

In this chapter, the question of washery control is regarded from 
both these aspects ; in the next chapter, however, the particular 
question of efficiency formulae is considered in greater detail. Here 
we are concerned with the correct control of the wa.shery, the collec- 
tion of samples, and the methods of obtaining results relative to the 
efficiency of operation. The interpretation of those results by the 
colliery management requires separate consideration. 

Control by the Washery Man.— In many washeries, the 
washer-man judges the efficiency of his washer by the visual examina- 
tion of snap samples collected from the wash-box or by observation 
of the washed coal on a conveyor or shoot. The coal is usually 
black and glistening, and dirt particles are grey or have only a dull 
black colour. ' Such methods are, however, of limited usefulness and 
are only really serviceable to indicate that the washer is Vorking 
very badly. 

The reasons for fhe inaccuracy *of this method are'seypral. When 
the washery man relies upon visual examination he may tasily be 
misled by the occurrence in the washed coal of dull particfles which 
may actually consist of good coal in the form of durain, or of rela- 
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tively low-ash middlings, arid these he may mistake for shale. He 
may also observe black glistening particles in the refuse, which he 
will class as coal, when actually they may enclose a large proportion 
of shale or pyrites and be, in reality, particles whose rejection is 
desirable. On other occasions, the shale associated with the coal 
may be black and, when wet, almost indistinguishable from coal. 

The greatest error in drawing conclusions from snap samples 
collected in a perforated scoop is caused, however, by the fact that 
much of the dirt retained by the washed coal would not be present 
in the sample, and that, if present, it would scarcely be noticeable. 
The dirt retained by washed coal is almost invariably of a very 
small size, and, when the sample was collected, the water would wash 
most of the fine dirt particles through the perforations in the scoop 
Moreover, the fine dirt (less than in. in size) retained in the scoop 
sample would be indistinguishable from the fine coal. 

That the dirt retained by washed coal is usually of this small size 
is shown by the results of the following three tests, two on Baum 
washers and one on a Rheolaveur washer. The results are given in 
Tables 148 to 150. 

Table 148, — Results of Washing a Monmouthshire 
Coal in a Baum Washer 



Raw Coal. 


Washed Coal. 



Size (in ) 

I>cr 

cent of 

< 1 4 «- 
S G. 

> t 48 

Sinks 
per ccr>t 
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percent. 
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dirt re- 
moved. 


total 


total 

coal. 

total 

S t». 

washed 

coal. 

fraction 


> i. 

12 

57-4 

42-6 

5-1 

T 

00 

0-0 

10-5 

100 


30 

7i-0 

28*4 

«-.5 


f-8 

0-4 

7.9 

9.5 

i-i- 

18 

79*0 

21-0 

3 -H 

23 

3-6 

0-8 

^•5 

7 « 


17 

79-0 

21*0 

34 > 

25 

3-2 

0-8 


7S 


1.5 

78-0 

22-0 

3-3 

18 

4 -S 

0-9 

7*3 

74 

A 

8 

70-0 

24 0 

1-9 

9 

19-6 

1-8 

220 

8 

Total 

100 

73 'f< 

26-2 

2(>-2 

100 

4-7 

47 

«-5 

82 


The percentage of dirt removed is about 97 per cent, for the 
sizes greater than J in., but is only 8 per cent, for the sizes less than 
■gL in. For all sizes the average is 82 per cent. Of the total dirt 
left in the washed coal (4-68per cent.), 37 per cent, is less than ^ in. 
size, and 56 per cent, is less than in. In another test, 46 per cent, 
of the dirt left in the washed coal was less than 7.^ in. size, and 
72-5 per cent, was less than in. size. The regular day-to-day 
throughput of raw coal in this washery was 70 tons per hour. 

The results ‘in Table 149 are i’or a Rheolaveur washery dealing 
with 30*tons per hour of coal through a /jj in. screen. 

‘ The ^iverage percentage of dirt removed was 94 per cent., and 
was as high as 82 per cent, for the size in. to o. Of the dirt 



WASHERY CONTROL 


569 


Table 149. — Results of Washing a Derbyshire 
Coal in a Rheolaveur Washer 
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Washed Coal. 
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55 

07 
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97 


32 

65-9 
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10-9 

31 

1-9 

0*6 

95 

<1V 

18 

68-9 

3II 

5-6 

14 

7-1 

I-O 

82 
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100 

69-5 

30-5 

30-5 

100 

2-0 

2-0 

94 


left in the washed smalls, 50 per cent, was less than ^^3 in. and 85 per 
cent, was less than in. size. 

The results obtained in Table 150 (for which we are indebted to 
Mr. D. R. Wattleworth) were obtained from samples from a Baum 
washery over a six-day period. 


Table 150. — Results of Washing a Cumberland 
Coal in a Baum Washer 
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The dirt in the washed coal was mostly in the smallest size, 
although the slurry was not admixed, and increasing quantities of 
dirt were found in decreasing sizes of the washed nuts. Most of 
the middlings was collected with the washed coal, but some of it 
passed into the refuse, particularly in the fines rewash box. The 
slurry contained large quantities of dirt (27*6 per cent, sinking at 
S.G. i-6o), but the smallest size of the raw coal, through J in., was 
extremely dirty (containing 51 per cent, of sinks at S.G. i-6o). 

^ Expressing the results as percentages of the total sample, the 
sinks in the washed smalls, comprising 4*1 per cent, of the sample, 
contain 2 per cent, larger than ^ in., i-i per cent, from to ^ in., 
and I per cent, less than in. size. 

The figures recorded in these tables indicate the smallness of the 
dirt particles usually included with the washed coal. These, as 
already stated, might be lost from a sample in a perforated scoop, 
and would, in any event, be difficult to perceive. 

To overcome these difficulties it would be preferable that the 
sample should be more carefully selected, and in many washeries 
it would be worth while for some responsible official to investi- 
gate the washery man’s method of sampling. It is often left 
to the man’s own discretion, or to that of the yard foreman, 
but it is a matter of some importance, and should be regarded as 
such, A responsible official should be able to decide the most 
accurate method and that most convenient for any washery, and 
should see that the method, once decided, is adhered to by the 
washery man. 

As an alternative to visual examination, it might be possible to 
supply the washery man with means of doing simple float and sink 
tests. A fairly narrow cylinder could be used, and the sample 
could be shaken up in a liquid of suitable specific gravity. The 
amoiint of dirt in the washed coal, or of coal \n the refuse, could 
then be gauged by reading the volmnes of float and sink. The 
cheapest solution would be calcium chloride of S.G. 1-4, and sufficient 
supplies could easily be available. If a litre were thrown away 
every two tests the cost would be under id. per test, too small to 
be considered in relation to the benefit to be derived. 

Daily Control Tests. — The washery man’s samples must, of 
necessity, be snap samples, but for the laboratory sample a snap 
sample is quite unsatisfactory. An indication of the average 
efficiency of washing can only be based on the careful examination 
of a representative sample of the whole of the washed coal, or refuse, 
taken continuously over a long period, or, alternatively, of a series 
of snap samples of washed coal and refuse, taken at regular and short 
intervals ovp a long period. • 

Thero are certain' times when snap samples would show much 
lower working efficiency than at other times. For example, in a 
jig washer in which the excess dirt bed is run off intermittently, 
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some coal may be discharged with the refuse at the end of the dis- 
charge period. If, moreover, the bed is then " light/' the pulsations 
may force dirt particles over with the coal. For these reasons a 
continuously-discharged bed gives more uniform results than a 
bed which is run off at intervals, and snap samples are more reliable. 

A sudden increase in the rate of feeding may cause the bed to build 
up solidly at the feed end of the box, so that, in effect, a reduced 
length of the box is used for the actual separation of coal from dirt, 
although a greater quantity of material is dealt with. Imperfect 
removal of the dirt may result, particularly if the dirt bed is riot 
run off at a greater rate than the normal, and snap samples would 
give an unfair reflex of the average efficiency. Similarly, after a 
stoppage, the bed tends to set compactly, and some time is necessary 
before it is loosened and normal working is resumed. In a Rheo- 
la,veur washer a temporary blockage of a discharge orifice may cause 
dirt to be removed with the washed coal, and, in all types of washer, 
abnormal conditions arise. 

It will be obvious that snap samples taken during abnormal 
periods will give misleading results. It is not always easy to 
recognise abnormal conditions, and it is therefore desirable that 
samples of the washery products should be taken continuously over 
the whole day, or that several snap samples should be taken at 
intervals and mixed to give a composite sample representing the 
day's work. No such sample can be considered as reliable unless 
it is made up of individual samples collected, say, each hour. If 
only a few samples are collected, they should be at a time when the 
washer is considered to have been working normally for a suitable 
period. The separate samples should also be of the same weight. 

There is another aspect of washery control which should be 
considered. Hitherto, consideration has been given to the efficient 
working of the washer, but much may also depend on the efficiency 
of the washer-man himself. In a Baum jig or a four-trough Rheo- 
laveur washer, a factor of safety is introduced against abnormal 
conditions, which also reduces the dependence on the human 
element. With a jig washer in which the refuse is intermittently 
discharged, much may depend on the attention given to the release 
of the refuse, and, during the night-time in particular, this may be 
carried out less thoroughly than at other times. If the washer- 
man is left to take his own samples, no indication of neglect would 
probably be given. A very strong case can be stated for the need 
of some form of automatic sampler which will take samples of the 
washed coal and the refuse continuously or at frequent intervals. 
The details of such a scheme will be considered later. At present " 
it is sufficient to emphasise the need of care in taking a representative 
sample to indicate the average daily working, and that such a sample 
should not merely represent the washing during five iflinujes of the 
working day. • % 

Suitable samples are usual])^ examined by float and sink tests to 
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determine the amount of coal rejected with the refuse and the amourit 
of dirt included in the washed coal. It has frequently been em- 
phasised that it is not a sound procedure to use, as is sometimes 
done, a liquid of S.G. 1*3 to determine the loss of coal in the refuse, 
and another liquid of S.G. 1-5 to determine the amount of dirt in the 
washed coal, because, in these circumstances, no account whatever 
is taken of the course of the middlings between 1*3 and 1*5 S.G. 
The check only indicates the loss of coal of the very best quality in 
the refuse, and the presence of valuable middlings in the refuse is 
neglected. It is more justifiable to test the refuse at a specific 
gravity of 1*5 and the washed coal at a specific gravity of 1-3. This 
procedure, which is sometimes adopted, debits the washer with the 
loss of valuable middlings in the refuse, and with the presence of 
heavy middlings in the coal. 

In other cases, a specific gravity of 1*5 is chosen for testing both 
the refuse and the clean coal. When the coal contains practically 
no middlings, and is therefore easy to wash, this seems to be a 
reliable procedure, but in our opinion the only cases in which it is 
really advisable is when the raw coal contains less than 5 per cent, 
of material of specific gravity between 1*35 and 1*6. Practically all 
modern washers, installed by reliable firms, can separate the best 
coal from “ pure shale, and little loss of good coal in the refuse 
may be anticipated. Without careful control, however, the most 
efficient recovery of middlings will not be accomplished. If the 
tests^on the washer are performed at only one specific gravity, it is 
impossible to distinguish between the three constituents of ordinary 
raw coal — namely, '' pure ” coal, middlings, and shale. To check 
the course of the middlings, it is essential to use liquids of at least 
two different specific gravities. 

The choice of the specific gravities of these two liquids is a matter 
for decision at each individual washery. For the lower specific 
gravity, 1-35 is convenient and generally suitable, and for the higher 
specific gravity i*6o is usually satisfactory. 

When the two specific gravities have been chosen, the washer 
should be made to work as nearly as possible to a specified distribu- 
tion of coal, middlings, and refuse. Assuming that specific gravities 
of I *35 and i -60 have been adopted for the two testing liquids, the best 
washing results for a coal containing 15 per cent, of middlings (of 
S.G. 1*35 to I *60) might be represented by some such figures as the 
following : — 

Floats at S.G. 1*35. Floats at S.G. i‘35 to i*6o. Sinks at S.G. i-6o. 

Washed coal — >-io per cent. . <i per cent. 

Refuse *. <i per cent. . <5 per cent. . — 

The actual figures will, of codrse, vary froili coal to coal, and 
according to market conditions, but as a general rule it will probably 
he found'^o be satisfactory to make the washed coal contain more 
than twice as much of the middlingc fraction as the refuse. 
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• In Table 151 the amount of middlings in a number of coals is 
shown. The middlings are assumed to sink at S.G. i'35 but to float 
at I -60. The ash contents are also recorded. 


Table 151 — Float and Sinks Tests on Unwashed Coals. 


Coal. 

" Pure ” Coal, 

< 1-35 S.G. 

Middlings, 
1*35-1 *60 S.G. 

Dirt, 

> i-6o S.G. 

1*CT cent, 
by wt. 

Ash 

per cent. 

Per cent . 
by wt. 

Ash 

per cent 

Per cent, 
by wt. 

Ash 

per cent. 

Durham i. 

777 

2*8 

13-0 

15-8 

9-3 

68-2 

„ ii. 

71-3 

1-8 

97 

13-1 

19-0 

68-4 

„ iii. 

75-4 

2-1 

8-7 

i8-o 

15-9 

64-0 

„ iv. 

78-1 

1-5 

7-4 

i6-o 

14-5 

67-2 

Lancashire i. 

20*2 

3-3 

23-4 

19-6 

56-4 

52-3 

„ ii. . 

77-2 

1-5 

4-0 

i8-2 

i8-8 

737 

,, iii. . 

90-8 

1-5 

I-I 

17-6 

8-1 

62-2 

,, iv. . 

55 -at 

3-3 

4.4 

i8-o 

40-3 

82-1 

Yorkshire i.* 

48-2 

2-6 

33-5 

12*4 

i 8-3 

6o-8 

,, ii. 

79-8 

1-4 

3-5 

22-3 

167 

86-8 

M iii. 

70-9 

i 2-0 

II -3 

14-3 

17-8 

67-0 

,, iv. 

70-6 

I 1-6 

87 1 

97 

207 

70-9 

,, V. 

75 -Q 

i 2-5 

7-5 1 

14-8 

i6-6 

693 

,, vi. 

66-5 

4-3 

13-9 i 

15-2 

19-6 

59-9 

Cumberland i. . 

43-4 

4-1 

21-9 1 

16-4 

347 

61 -2 

,, ii. . 

69-9 

2-5 

10-4 j 

14-4 

177 

68-5 

Staffordshire 

59-9 

1-9 

9-(> 

i6-o 

30-5 

78-3 

Australia . 

•75-4 

57 

14-2 

19-3 

10-4 

^2-0 

India 

26-8 

7-0 

67-2 

17-5 

6-0 

48-4 


* Kut coal ; the other coals are of i in. or less down to dust, 
t Floats S.G. 1-40 


Assuming that fair average samples may be taken and that they 
should be tested in liquids of S.G. 1-35 and i-6o, it is necessary to 
consider where, and by whom, the te.sts should be carried out, and 
the method of procedure. It is desirable that the tests should be 
made by persons who are either responsible for the efficiency of 
washing (the washery manager) or by independent workers (colliery* 
or coke-oven chemists), who report to those in charge. It is seldom ' 
that a shift hand himself is fitted for the task of testing and, as such 
te,sts are sometimes neces.sary to determine the efficiency of per- 
sonal control as well as of the washer itself, it is desimble that the 
tests should be made by more responsible, or by independent, peopjf . 

With a washer dealing wijh 1,000 tons of coal per day for 
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300 days per year, 300,000 tons of coal would be put through the 
washeiy and, with the removal of 20 per cent, of dirt, 60,000 tons of 
refuse would be rejected. If the coal lost in this refuse could be 
reduced from, say, 3 to 2 per cent, through the proper application 
of efficient testing to the regular working of the washery, an addi- 
tional 600 tons of coal per annum would be recovered, worth, say, 
£360. It will be seen that the saving on loss of coal in the refuse, 
due to efficient control, would alone make it worth while to employ 
a washery manager. Such a man should also be able to improve 
the regular quality of the washed coal, and to reduce the possibility 
of stoppages due to breakdowns, by better supervision of plant, feed 
arrangements, wagon supplies, etc. A washery involves a some- 
what different type of control to that necessary on a coke-oven plant, 
or at a colliery, and the particular duties can only be carried out 
suitably by a man specially appointed and responsible for the work. 
In some washeries, a washery manager is more interested in the 
mechanical working of the washery, although he is also responsible 
for the working results. Such a type of man may take unkindly to 
scientific testing, and, in such a case, the manager may supervise the 
taking of samples and have the tests made by chemists at the 
colliery or coke-oven laboratories, or have a routine chemist of his 
own to make the tests for him. In most cases, however, a responsible 
washery manager would soon learn to carry out the simple float and 
sink tests which are necessary. 

Another arrangement is to transfer a man who has been trained 
in the laboratory to the washery when he has attained a suitable 
age and sufficient ability to be responsible for its efficient working. 
The mechanical repairs would be left in other hands. Such a man 
can then make the tests, and can see to the making of any adjust- 
ments himself. 

^Yhen the tests are made in the washery building — or even in the 
laboratory — they should be simplified as much as possible. It may 
be desirable to have the samples tested quickly, and, in this event, the 
wet samples cannot be tested in aqueous solutions. In any event, 
calcium chloride cannot be used for a density higher than about 
1-40, and zinc chloride (which can be made into solutions for specific 
gravities up to 175) is much more expensive and has no advantage 
m point of cost over suitable organic liquids. Organic liquids arc 
preferable in being immiscible with water, and wet samples can 
therefore be used without decreasing the effective specific gravity 
of the separating liquids. Chloroform (S.G. 1-48) is convenient and 
quick to use, but the price of carbon tetrachloride (S.G. i*6i) is only 
one-third‘Of the price of chloroform and, diluted with benzol if neces- 
sary, is the most suitable liquid to use. It displaces water from a 
coal surface by reason of its superwjc* wetting powftr for coal, and the 
coal floatjpd from the refuse is, in effect, dried. The dirt in the 
W2.shed coal is, however, wet, since water wets it more easily than 
organic liquids, and the water presei^ after washing is not displaced 
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by the carbon tetrachloride. The amount of dirt present is, how- 
ever, only small, and it can be spread out and air-dried in a few 
minutes. It is, of course, always better to air-dry the samples before 
testing, even with organic liquids, and the expedient of testing wet 
samples should only be resorted to when the results are required 
immediately. 

The procedure of testing varies according to whether wet or dry 
material, or large or small particles, are being tested. Particles 
greater than i in. in size can be placed one at a time into a beaker 
containing the liquid, and particles from i in. to about ^ in., may be 
fed in small handfuls. Each piece, or each handful, should be 
thoroughly immersed and stirred before the floatings are removed. 
With particles below | in. size, not more than 30 gm. should be 
treated at one and the same time, to prevent float particles from 
being trapped in the sinkings and vice versa ; after the liquid has 
been thoroughly stirred, a few minutes should be allowed for 
settling. Very fine particles may need to stand for an hour or more 
before they are adequately separated, and care should always be 
taken that there is a clear band of liquid between the upper layer of 
floatings and the lower layer of sinkings. 

The quantities recommended for use under the best conditions 
are approximately as follows : — 


Size (in.) 
Under \ 

1- i 

2- 1 
1-2 

Over 2 


Weight. 

30 gm. 
200 ,, 
1,000 ,, 

32 lb. 

2 cwt. 

4 » 


* j 

With particles greater than i in. in size most of the “ pure ” coal 
and " pure ” dirt particles can be picked out by hand, and only the 
doubtful ones need actually be tested. This selection of particles 
should, however, only be done by an experienced man, and it is 
often misleading, for a particle of apparently pure coal may hide a 
lump of pyrites inside it . Washery control is usually more important 
for the small sizes less than in. size, for this material is the most 
difficult to wash. The larger quantities advisable to obtain a repre- 
sentative sample of material over I in. size really offer little diffi- 
culty in testing, but, at the same time, such large samples cannot 
easily be treated daily. It is usually sufficient to make an occasional, 
analysis of the larger sizes, and for unsized material less than ^ in. 
a sample of at least 500 gm. should be used. If a sample of only 
100 gm. is used, tlje floatings recovered from the_ refuse, or the 
sinkings from the washed coal, may only be of the order of i gm., 
and the percentage errors in rough weighing may make tjie result^ 
rather misleading. Another error may be introduced since a loo-gm. 
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sample is often too small to compensate for the possible errors in 
reducing the sample to this quantity. The results of six daily tests 
using loo-gm. samples may give an average weekly result which is 
correct, but each daily sample is subject to errors, and conclusions 
cannot safely be drawn from such samples. It is worth while to use 
the larger sample of 500 gm. and thus to make each daily analysis 
more reliable. 

In carrying out the tests, the washed coal should be placed in the 
liquid of S.G. 1*35 and the floatings removed. The sinkings should 
be dried (a few minutes is sufficient if an organic liquid is used as the 
separating liquid) and placed in the liquid of S.G. i-6o. The float- 
ings and sinkings at this density should be collected, weighed and 
recorded as “ middlings in washed coal ” (sink at 1-35, float at i*6o) 
and dirt in washed coal (sink at i*6o). In testing the refuse, the 
bulk sample should be placed in the heavier liquid first and the 
floatings transferred to the lighter liquid. The products should be 
recorded as middlings in refuse (float at i*6o, sink at 1-35) and 
coal in refuse '' (float at 1-35). 

When the samples for testing are used without previous air 
drying, allowances must be made to reduce all weights to a given 
moisture content. As a rule, assumptions based on a periodical 
moisture determination may be made to correct for the moisture 
contents of the washed coal and the refuse. The use of wet samples 
is not to be recommended, however, unless immediate results are 
required. Apart from errors introduced by the varying moisture 
contents, the separating liquids become dirty and more difficult to 
use. For routine tests the samples can easily be spread out in a 
suitable place overnight to air-dry, and may be tested on the follow- 
ing morning ; alternatively, the samples can quickly be dried in an 
oven. 

Sampling. — Float-and-sink tests, however carefully performed, 
are an unreliable guide unless reliable samples are used for testing. 
Sampling is an empirical operation, of which the principles are but 
rarely appreciated, it is therefore necessary to consider this branch 
of washery control in some detail. 

To appreciate the difficulties of sampling, it is helpful to realise 
that I ton of coal is equivalent to over 1,000,000 gm., and if a test is 
dependent on the use of, say, 100 gm. selected, from an output of 
100 tons per hour, the quantity tested represents only one-millionth 
part of an hour^s output. It is necessary that very special precau- 
v+ions should be taken in order to make the final sample used for 
float-and-sink tests truly representative of the bulk. A sampling 
sense must be developed by the sampler, and this is only possible 
when he is familiar with certain facts and principles on which 
standard sampling methods are based, as welf as with approved 
methods of procedure in sampling different brands of material. 

It shbuld be remembered that, even in one seam of coal, 
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Variations in composition occur between samples taken from 
different horizons ; bright coal (clarain and vitrain) generally 
contains less ash than dull, hard coal (durain), or dull friable coal 
(fusain). Apart from the ash which is fixed in the coal material, 
the chief contribution to the average ash content of raw coal is made 
by free dirt from partings, or from the roof, or floor, of a seam. A 
knowledge of the physical characteristics of the different types of 
shale from the pit, viz., colour, shape and density, are useful to 
those interested in washery control. 

Effect of Handling . — It is important to remember the effect of 
handling coal in bulk in trucks, shoots, etc., and in loading and 
unloading generally. The shape of pieces of coal less than 3J- in. 
in size is often roughly cubical and pieces of shale are much flatter. 
Consequently coal particles will tend to roll down the free surface 
of a shoot, or a heap (in a hopper, for example), when the angle of 
inclination is greater than that of repose. Shale, on the other hand, 
will not roll readily and generally slides down a steeply-inclined 
surface. Even when coal and dirt both slide, the dirt moves more 
slowly than the coal because of its greater coefficient of friction. In 
this way (as is well known to be the case on spiral separators) a 
partial separation of coal and dirt may occur wherever raw coal is 
handled on an inclined surface. This fact is utilised by pickers 
round shale tips, for the material most resembling coal (usually inter- 
grown coal and shale or pyrites) is concentrated round the peri- 
meter of the base of the tip. 

A partial separation of coal and dirt, and a concentration of 
material according to size, may also occur if several layers of particles 
arc formed in a shoot. The largest coal particles, with their 
tendencies to roll, are less restrained by frictional resistance than 
the large dirt particles which tend to slide. When the direction of 
travel is changed abruptly through a riglit angle, the largest and 
cleanest particles of coal may be found at one side of the streaih of 
material in the second .slioot, with the largest particles of dirt at the 
opposite side. 

It is also worth recalling that, in a wagon of unwashed coal, the 
finer sizes (containing usually the greatest amount of dirt) settle 
to the bottom of the wagon, and they are helped to do this when 
shunting operations are frequent, or if the distance travelled by the 
wagon is great. For this reason samples taken from the top of a 
wagon of dry unwashed coal are unreliable. 

Bulk Ratio . — It is important to know what is the least amount 
of material which may be taken as a representative sample, or, irw 
other words, what is the " bulk ratio.'' For run-of-mine coal, 600 
to 1,200 lb. are generally recommended to represent a bulk of from 
10 to 1,000 tons. The bulk ratio chiefly depends on the size of the 
dirt. This may, be' illustrated by a table (dpe to llliygworth) in 
which it is assumed that two independent samplers choose ssamples^ 
truly representative of a cargo, and their samples agree ^ith the 
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exception of one piece of dirt, assumed to be 4 in. cube, and con 
taining 80 per cent, of ash. 

Table 152. — Effect of Size of Sample on Limiting 
Errors of Sampling 


Weight ot Sample 
(lb.). 

Per cent. Ash in Sample. 

Shale included. 

Shale excluded. 

100 

97 

6-0 

200 

7-8 

6-0 

400 

6-q 

6-0 

600 

6-6 

6-0 

1,000 

6-4 

6*0 


This is not an example which is directly comparable with washery 
practice, but it emphasises the dependence of the amount of sample 
necessary on the size of the dirt. In Table 153 the effect of one 
piece of shale of different sizes, included or excluded in samples of 
100 lb., is recorded. The ash content of the normal sample (when 
the extra piece of shale is excluded) is 6*o per cent. The extra lump 
of dirt is assumed to be cubical and to contain 80 per cent, of ash. 


Table 153. — Effect of Size of Dirt on Sampling Errors 


Size of Dirt 
(in. cu.). 

1 

Weight of One Piece 
of Dirt 
(lb.). 

Variation of Ash 
^ per cent. 

4 

5*00 

370 

3 

2-10 

I- 5 I 

2 

0-64 

0*46 

I 

o-o8 

o*o6 

I 

0*03 

0*02 


It will be observed that, with a loo-lb. sample, it is only with 
vd.lrt of over i in. that appreciable errors may be caused by the 
incorrect inclusion of one piece. 

The most thorough work on the bulk ratio for sampling has been 
done by the United States Buregiu of Mines. Two samplers each 
took a 100 Ib. ^ampl/e of a cargo of 1,000 tons of coal, and later 
reduced 'it by the same procedure to 3 lb., from which an analytical 
sample was taken. Each sampler collected further 100 lb. samples^ 



WASHERY CONTROL 


579 

»ch of which was reduced afterwards to 3 lb., and mixed with the 
first 3-lb. sample. This procedure was followed until a gross sample 
of 1,200 lb. was obtained. The results of the analyses of the 
cumulative samples (Fuel, 1927, 6, 394) showed that a sample of 
from 800 to 1,200 lb. must be taken if duplicate samples should 
not differ by more than i per cent, in ash content. 

A sample of unwashed coal through 3J in., or through 2 in., to 
represent, say, a day’s feed to a washery, should preferably not be 
less than 1,000 lb. ; where the maximum size is i in. a sample of 
250 lb. is sufficient, and not more than 100 lb. is necessary when the 
maximum size is | in. This is illustrated in the following table 
(adapted from Bailey, Journ. Ind. Eng. Chem., 1909, i, 161 ; 1910, 
2, 543 )- 

Table 154. — Variation of Size of Sample according 
TO Size of Largest Piece 


Wc'iglit of Largest Pieces 
(lb.). 


670 

2*50 

075 

0-38 

0*24 

0-12 

0*04 

0-02 


Size of Largest Pieces * 
(in.). 


5 i 

3 l 

A 

2 


1 

3 

4 


Smallest Bulk of Sample 
(lb.). 


39,000 

12,500 

3,800 

1,900 

1,200 

600 

230 

90 


I . .j 

* l*ie(ies assumed to be cubical and of S.G. 1-3. 


Actually, for coal greater than 2 in. cube, such large samples 
need not usually be taken, since the large dirt of that size is easily 
detected, and would be removed at the picking belts. The largest 
samples which are commonly taken in practice are 1,200 lb., for 
run-of-mine coal. The chief point of interest in this table is the 
smallness of the sample necessary for reliable sampling when the 
largest size is i in. 

Except in washery control, coal samples are assessed mainly on 
a basis of ash content. For ash analysis, the bulk sample may be 
crushed, and the gross size of the sample can be reduced by 
standard method of coning, quartering, and the rejection of.opposite 
quarters. This can go on progressively. For washery control, 
however, the coal samples must not be broken up, for the efficiency 
of washing is judged by the removal of free dirt, and arushing may 
liberate dirt from middlings. On the other hand, a stmple of 
1,000 lb. cannot be used for routine float-and-sink tests. Since 
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most interest attaches to the smallest sizes of coal and dirt (for the 
large dirt is easily removed), it is permissible to sieve the large 
sample of raw coal over a ^-in. screen (or the same size of screen as is 
used to separate the smalls for final washing or rewashing). The 
oversize may be examined separately, and this is usually con- 
veniently done by picking out the dirt by hand. Doubtful pieces 
can easily be checked by dropping in a suitable separating liquid. 
The undersize may be well mixed and reduced in quantity to 125 lb. 
This reduced sample may then be treated by successively mixing, 
coning, quartering, and rejecting opposite quarters, until a laboratory 
sample of about 5 lb. is obtained. To conform to standard methods 
of preparing a sample for analysis (as when determining the ash 
content of a consignment of delivered coal) the sample through ^ in. 
.size should not be reduced below 125 lb. without breaking the largest 
pieces so as to pa.ss through I in. mesh, but since this is not possible 
for washery testing, it is all the more important to pay unusual care 
in mixing before each successive reduction in bulk of the gross 
sample. A quantity of not less than 1,000 gm. should be used for 
float-and-sink tests on the unwashed coal.* 

The procedure outlined is based on the accepted methods for sam- 
pling large quantities of coal whose maximum size is over i in. In 
washery practice, it may be iiecessary to sample the unwashed coal 
only at rare intervals, and a procedure similar to that described is 
necessary to obtain a fair .sample. When daily samples are taken 
at a washery which has a regular quality of feed, it is satisfactory 
to take smaller gross samples and average the results over a suitable 
period. In this way each daily .sample is liable to an error, but the 
average result will be nearly the same as when one large gross 
sample is taken. The work of handling one large sample, and 
making one series of float-and-sink tests, may prove much simpler 
than dealing with a number of small samples^and carrying out a 
largS number of float-and-sink tests. 

Slack. — Unwa.shed .slack, through f in., is an easy material to 
sample, and, from considerations previously given, it will be obvious 
that a sample of only 100 lb. need be taken as the gross sample. 
Care is necessary in reducing the gross bulk of the sample, owing to 
the po.ssibility of .segregation of coal and dirt particles during 
coning. Washed slack is usually free from the kirger sizes of dirt, 
but since the small quantities which remain are of the utmost 
importance in weishery control, great care is neces.sary to obtain a 
representative sample. A gross sample of less than 25 lb. may give 
v^^isleading results, and 50 to 100 lb. should be collected. 

As previously mentioned, it is difficult to obtain an average 
sample Irom the wash-box itself, and it is best to take the sample 
from the .shoot discharging the ^washed coal ^from the drainage 

^ Thq^quantity of 500' gm., previously recommended for coal through i in. size, 
r/!ferred lo^washed coal samples which contains fewer dirt particles and is of fairly 
uniform composition. 
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elevator into hoppers or on to a scraper conveyor, or as the conveyor 
discharges the coal into hoppers or wagons. When the coal is taken 
from the top of a conveyor, segregation may have occurred ; more- 
over, when such a sample is taken by hand, there is a tendency for 
the hand to retain the coarser particles, leaving the finer particles 
behind. Although “ hand ” samples may be reliable when the coal 
is dropping freely, it is advisable to use a scoop or a shovel when 
sampling coal from a conveyor, or from any other place where the 
coal is not falling freely. The gross sample may then be well mixed, 
coned and quartered, and reduced to the quantity necessary for tlie 
laboratory sample. 

Washed Nuts. — Nuts, bean.s, and peas are usually fairly clean 
and of uniform size after washing, and are easy to sample. A few 
shovelfuls taken from various parts of the wagon, or, preferably, 
from the stream as the wagon is being loaded, will usually give a 
representative sample for a coal which is easily wa.shed. If the raw 
coal contains a large middlings fraction, a larger sample is necessary, 
particularly for the biggest nuts. 

Refuse . — It is not always easy to obtain a representative sample 
of refuse from a washery. In the first place, the largest and heaviest 
particles of dirt settle at the feed end of the wash-box, or trough, 
and the smallest and lightest particles settle at the delivery end. 
Separation according to density and size has therefore occurred 
before the dirt is discharged. The dirt which is small enough to 
pass through the fixed sieve of the wash-box, may also be segregated, 
according to size and density, before it reaches the screw conveyor 
which removes it from the wa.sh-box. Further segregation may 
occur in elevating, and in discharging the material down shoots. 

In a Baum washery it is often convenient to sample the refuse 
from each dirt elevator. In a washer with a capacity greater than 
75 tons per hour, the first of the two wa.sh-boxes has a dirt eleyator 
at each end, and the rewash-box has an elevator at the discharge 
end. A sample taken from the buckets will only be from the 
surface of the material in them, and may consist mostly of the 
smaller sizes, on account of the segregation which may occur. It is 
also difficult to obtain a truly representative sample from the scraper 
conveyor on to which the elevators frequently discharge, since the 
dirt is not well mixed. 

When the daily sample is taken from the elevator buckets, the 
difficulties of obtaining a representative sample should be borne in 
mind. In any event, it is desirable to make a check test on the 
total refuse as it is discharged from the scraper conveyor or into tW 
dirt hopper. A gross sample of at least zoo lb. should be •accumu- 
lated, wdl mixed, and reduced in bulk, by the standard method. 

In a Humboldt*washery it is usually possible to.obtain a sample 
of the refuse as^t is discharged from a shoot into the rftfusg hopper. 
The refuse includes the dirt from both the “ rough ", and the 
" rewash ” boxes. It is usuaIlyj)ossible to decide, by the maximum 
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size of the particles, from which box the refuse comes, and since thb 
refuse is discharged from the wash-boxes intermittently, samples 
of the dirt from both boxes can be collected. Each sample should 
be of about 100 lb. bulk, and should be mixed, coned and quartered 
on the floor or on a board kept handy for the purpose. If only one 
sample of refuse is taken, it should be large (say, 200 lb.) and taken 
over a longer period to compensate for the irregularity of discharge 
of the dirt bed from each box. 

In a Rheolaveur washery there is no difficulty in obtaining a 
representative sample of refuse from the final rheo-boxes discharging 
into the refuse trough. Samples of dirt from each discharge orifice 
may be collected. In Draper and Robinson washeries, and on con- 
centrating and dry-cleaning tables, the refuse is easily sampled 

Discretion must, however, be used. In sampling the refuse from 
a concentrating table it is not sufficient to pass a bucket slowly 
across the refuse -discharge collector ; the weight of the samples 
taken at different points must correspond exactly with the propor- 
tion of the total product discharged yt those points, and a special 
collector should often be used, taking a sample simultaneously 
across the whole width of the refuse (or washed coal) discharge area. 

In a trough washer the heaviest dirt is deposited near the feed 
end of the trough and the lightest middlings are deposited near the 
delivery end. With a simple trough washer the long length of 
the trough makes it difficult to collect a representative refuse 
sample. It is therefore advisable to w^iit until the refuse has been 
collected in tubs, ready to be thrown on the tip ; the tubs can then 
be sampled by collecting portions from different levels. Alterna- 
tively, the place where the wet dirt has been recently deposited on 
the tip may be recognised, and a representative sample taken from 
this material. If this procedure is followed, the owners of trough 
wasljers will frequently be surprised to find that as much as 10 per 
cent, of coal is being rejected with the refuse from a simple trough 
washer, although dirt samples, taken from a point near the feed 
end, may show only i or 2 per cent, of free coal. 

Consideration has been given to the methods of sampling different 
types of material, and also to the variations necessary with various 
kinds of washers. It is not out of place to consider how the gross 
samples should be treated to obtain the samples for testing. It has 
been pointed out that it is necessary to collect a larger gross sample 
than is frequently thought to be desirable. These gross samples 
should be sampled down near the place where the samples are 
'Collected. Sampling boards may be arranged in convenient places. 

Coning and Quartering , — The sample should be well mixed with 
a shovel by being turned over several times. It may be convenient 
to have two bo,ards — or one large one — for thi^ purpose, and the 
sample may be built up into one cone and then built «p into another. 
C*ire should be taken to avoid fracturing the particles during coning 
and quartering, or interstratified particles may be separated into 
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cbal and shale and thus lead to erroneous deductions being drawn 
feutti subsequent float-and-sink tests. Each shovelful is made to fall 
wenly on the apex of the cone by a suitable jerking motion of the 
shovel. Much of the coarser material will slide or roll to the base 
oi( the cone, and the smaller material will be retained in the centre 
of the cone, which should be of regular form to preserve the uni- 
formity (the proper proportions of the different sizes) in all sections. 
The cone is then flattened by pressing the shovel on the apex, and 
giving it a circular motion, until the mass is spread into an even 
layer. This is divided into quarters by boards bisecting each other 
at right angles at the centre of the layer. Opposite quarters are 
rejected and a new cone is made, and the same procedure followed 
until a sample of about 5 lb. is obtained. A gross sample of lOO lb. 
would therefore be coned and quartered four times until two opposite 
quarters gave a final sample of about 5 lb. It cannot be too 
strongly emphasised that this rather long procedure is an essential 
preliminary if washery testing is to have any real signific^fftce, 
and is not merely to be a series of compulsory tests, to be made 
as quickly as possible, without regard to any rational method of 
procedure. 

Mechanical Sampling. — The adoption of mechanical methods of 
sampling greatly simplifies the procedure, for not only is the sample 
representative of the average results over an extended period, but it is 
taken without personal bias, and requires no attention. No doubt 
the non-adoption of such methods of sampling has been due to lack 
of data on their working and on their ability to withstand severe 


usage. 

The automatic mechanical sampler illustrated in Fig. 272, is a 
modification of the Vezin sampler which is much used in ore-dressing 
practice. The sampling device is fitted at the top of an devator or 
in some other suita^jlc place. A pulley wheel drives a worm shaft 
which actuates a toothed wheel connected to a disc above it, carrying 
teeth only in one segment of the disc. Periodically, the teeth on 
the disc engage with a small cog wheel, which causes the sampling 
mouth to rotate through the stream to be sampled. In the photo- 
graph, the mouth of the sampler is underneath the toothed wheel. 

This sampler may be connected to a shaft, and by suitable choice 
of gearing, snap samples may be collected at long or short intervals. 
T^e mechanism is robust, and therefWe suitable for coal washeries. 

Another mechanical sampling device is illustrated in Fig. 273. It 
can readily be made without much expense. This device has been 
fitted in the shoot at the top of a refuse elevator by Mr. R. L. Cawle}:^ 
of Whitehaven. It may also be fitted at the top of a washed coaL 
^elevator. It consists of three lengths of 3-in. piping, which are 
connected by pieces of f-in. plate.forged to fit the piping. The pipe 
sections ate staggered so that the wall of each.lowei' section is in line 
with the centre of the higher section. In this way the ftream of^ 
material passing full bore down the first section, is cut By the top 
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of the second section, and only a proportion of the stream passes 
through the second section. A second cut at the top of the third 
section still further reduces the size of the sample, which finally 
passes through the third pipe section to ci suitable collecting box. 

In the original device, the two upper pipe sections are made 
12 in. long, and the third section is made of any convenient length. 
The gap between the first and second, and between the second and 
third sections is 3 in. The connecting plates are arranged so that 
they prevent the entry of material from the elevator casing into the 



second or third sections directly, thus ensuring that only material 
which has passed through the first section passes to the succeeding 
sections. 

The sampling device is fastened to the elevator casing by means 
Ur^a bracket and a clamp round the middle section. A second clamp 
' round the top section is fitted to a threaded rod which passes through 
the elevator casing and is fastened by a nut. The whole sampling 
device is then sufficiently inclined*to the vertical to prevent most of 
the mat^riar entering’ the upper pipe from droppftig through the 
.subsequent sections without being “ cut.” As the angle of inclination 
to the vertical is increased, the material leaves the upper pipe in a 
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le’ss compact mass and facilitates the cutting of the stream. If the 
sampling pipes are inclined too much to the vertical the pipes tend 
to choke. A compromise has therefore to be effected to enable the 
material to flow freely through the pipes but to allow a clean cut 
to be made at each successive section of piping. A suitable angle 
is about 30 degrees to the vertical. When a suitable angle has been 
chosen, the inclination is fixed by adjustment of the nut on the upper 
threaded rod. 

When the material flows freely through the pipes, the size of the 
sample taken is governed by twisting the lower pipe sections abotit 
the centre line of the upper section. For this purpose a rod is 
inserted in a hole at the bottom of the third pipe and moved in a 
clockwise or anti-clockwise direction. In this way the cutting edges 
of the lower pipes are moved about the centre of the upper pipe and 
more or less material leaves the lower pipe. The material rejected 
by the sampler is collected in the elevator, and only the sample passes 
outside. It was found that a sample of about 2 cwt. of refuse was 
collected in eight hours. This is a suitable quantity to collect, and 
the laboratory sample prepared from it should enable the results of 
testing to be accepted with greater confidence. 
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WASHERY control: EFFICIENCY FORMULiE 


• One criterion upon which the saleability of a coal is judged by 
a colliery company is its ash content. Provided that the ash con- 
tent is below a certain figure, the colliery sales department knows 
that the coal can usually be sold. 

In producing a coal with not more than this maximum ash con- 
tent, the colliery company wishes to keep its loss of output, in the 
form of washery or picking dirt, to the minimum amount. A 
formula to express washery efficiency should be able, satisfactorily, 
to inform the colliery officials whether this is or is not being done. 

The value of a formula for washery efficiency is well expressed by 
Frazer and Yancey (Trans. Amer. Inst. Min. Eng., 1923, 69, 447), 
who say that such a formula “ is most useful in the continuous study 
of the operation of a given plant, in the routine adjustment of the 
plant from day to day, in the development and improvement of the 
plant, and in determining changes in the quality of the raw coal 
mined.” 

Various formulae for judging washery efficiency have been put- 
forward from time to time,* but those of Drakeley and of Frazer 
and Yancey only need be considered. 

Drakeley’s formula is based entirely upon float and sink analyses 
of the raw coal, the washed coal and the refuse. He obtains two 
expressions, termed the Qualitative Efficiency j^or efficiency of dirt 
remBval) and Quantitative Efficiency (or efficiency of recovery of 
coal). By multiplying these two figures, a value for general effi- 
ciency is obtained. Drakeley suggests the use of a liquid of S.G.i-35 
to determine the amounts of the raw coal, washed coal and refuse 
floating in it.f Using F/, ¥w and Fr to denote the percentages of 
each sample floating at S.G. 1-35, his two formulae may be written 
as follows : — 


Qualitative efficiency 


100 (Fie; — ¥f) 
100 - ¥f 


• (47) 


Quantitative efficiency = 


100 F/ — Fr X per cent, of refuse 

w 


■ (48) 


* Hancock, " Ironmaking in Alabama ; Geol. Survey jif Alabama," 3rd Edn., 
p. 240, Delanjeter; Coal Age, 1914, May 2nd. Drakeley, TvMfs, Inst. Min. Eng., 
1918, 54, |i8. Frazer and Yancey, Trans. Amer. Inst. Min. Eng., 1923, 69, 447. 

« t It may be pointed out, however, that any other specific gravity, considered to 
be more suitable than 1*35, may be selected. 
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To overcome the necessity of weighing the raw coal and refuse, 
the percentage of refuse may be written : 


100 (Fw — Vf) 
'Fw — Fr 


• (49) 


and the quantitative efficiency is then equal to 

100 Fw (F/ — Fr) 

Ff (F!:£> — Fr) 

These expressions may be written in words, 


(50) 


Qualitative Efficiency 


100 (Floats in washed coal ~ Floats in feed) 
100 — Floats in feed 


Quantitative Efficiency 


_ 100 (Floats in washed coal)(Floats in feed — Floats in refuse) 
(Floats in feed) (Floats in washed coal — Floats in refuse) 

The calculation may be illustrated by two examples, with coals 
A and B. The results of float and sink tests are given in Table 155. 


Tahle 155. — Float and Sink Tests at S.G. 1-35. Coals A and B 


Coal A. 


Co^.l D. 


Raw coal 
Washed coal 
Refuse 


L'loating 

Sinking 

I'loating 

Sinking 

; j)ri cent. 

per cent. 

per cent. 

per cent. 

• 




i 73-4 

26-6 

86-0 

14-0* 

96-6 

3-4 

97-5 

2-5 

, 2.1 

i 

97-9 

1-9 

98-1 






The efficiency of cleaning is as follows : — 


Qualitative 


Quantitative . 


C'oal A. 


100 (96-6 - 73-4) 

100 — 73-4 
/ 

po X 96-6 (73-4 — 2-l) 
73-4 (96-6 - 2}i)' 

87-2 X 99-3 
100 


= 87-2^. , 


= 99-3 


General 


86-6 . 
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Qualitative 

Quantitative 

General 


Coal B. 

100 (97-5 — 86-o) 

100 — 86-0 

100 X 97-5 (86-0 — i-g) 
86-0 (^5^1 ^9) " ■ 

82*1 X 997 
fob 


82-1 

997 

8i*9 


. Frazer and Yancey combine Drakeley's quantitative efficiency 
formula with a part of Delameter’s equations and give as a formula 
for general efficiency : — 


General efficiency = 


Yield of washed coal 
Yield of float coal 


X 


Raw coal ash — Washed coal ash 
Raw coal ash — Float coal ash 


. (51) 


By “ yield of float coal/’ Frazer and Yancey mean the percentage 
of the raw coal which floats at some selected specific gravity. The 
yield of float coal is, in fact, the theoretical maximum yield of 
washed coal of the desired ash content. In the examples already 
given, this value would be 73*4 and 86*o for coals A and B respec- 
tively. The yield of washed coal can be calculated from float and 
sink results and may be written : 

looJFf-Fr) 

Fu>-Fr 


Substituting this value in Frazer and Yancey’s formula, and 
writing A/, Aw and AF/ for the percentage ash contents of the feed 
coal, the washed coal and the raw coal floatings, the formula 
becomes : 

r 1 T-rfi • * A/ — Aw 

General Efficiency - _ p^^ X _ ^p^ . (53) 

The ash contents of coals A and B and their products are given 
in Table 156. 


Table 156. — Ash Contents. Coals A and B 


• 

Coal A 
per cent. 

Coal B 
per cent. 


1 


m. Raw co^l ...... 

19-5 

12-5 

Raw coal floats at S.G. 1-35 

5-0 

5-3 

Raw coal sinks at S.G. 1-35 . • . 

6o-() 

57-0 

Washed coaj ’ . . . 

H 

57 

J^efuse •.^ 

-t 

59-2 

56-0 
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• The General EfiSciencies calculated from the Frazer and Yancy 
ormula are as follows : 


Coal A 


TOO (73> 4 - 2»i ) 

73-4 (96*6 -2-i) 


^ I9-5_- ^ 
i9'5 - 5-0 


= 92*0 


Coal B 


TOO (86-0 - i»9 ) ^.5 ^57 

86*0 (97‘5 - 1*9 ^ 12-5 - 5-3 ^ 


According to Drakeley's formula, coal A is washed more effi- 
ciently than coal B, whereas according to Frazer and Yancey's 
formula, coal B is the more efficiently washed. This latter con- 
clusion would appear to be a more reasonable conclusion to draw, 
for, as shown by Table 155, the washed coal from coal A contains 
3*4 per cent, of sinks, and the refuse 2*i per cent, of floats, and the 
washed coal from coal B only 2-5 per cent, of sinks and the refuse 
only 1*9 per cent, of floats. 

This illustrates one of the defects of the Drakeley formula, 
namely, that, with a coal containing large quantities of dirt, a com- 
paratively higher qualitative efficiency is shown than when the raw 
coal is comparatively clean. For practical reasons, a high-ash coal 
is often easier to clean than a low-ash coal, and it is unfair to assign 
a higher figure for efficiency to an operation which is easier than 
to an operation which is more difficult. Drakeley's qualitative effi- 
ciency formula, whilst measuring the increased concentration of the 
floatable particles in the washed coal, takes no account of the 
quality of the unfloatable particles in the washed C(ud. Usually the 
** sinkings " found in washed coal are principally middlings particles, 
but Drakeley’s qualitative efficiency formula does not take this into 
account and the washer is debited by an equal amount whether the 
“ dirt " in the washed coal is middlings or pure shale. Similarly, the 
quantitative efficiency is reduced by the same amount whether the 
coal lost in the refuse consists of middlings particles or of pifre " 
coal. 

Another objection to Drakeley's formula for quantitative effi- 
ciency is that, with any process which is even moderately efficient, 
the efficiency is about 99 per cent. It would appear, therefore, that 
when the quantitative efficiency is multiplied by the qualitative 
efficiency, there is insufficient distinction drawn by the quantitative 
term to permit the general formula to distinguish sufficiently 
between different operations. In the examples already given, the 
quantitative efficiencies were 99-3 and 997 respectively. If, in a 
given washery, 90 per cent, of the raw coal floated, and after washiflj^ 
the washed coal contained 100 per cent., of “floatings” no^ 
sinkings), but the refuse contained 10 per cent, of pure coal, the 
formula would give a quantitative, efficiency of 98*8 per cent. Even 
if the refuse co^jtained 20 per cent, of pure poal the fluantitative 
efficiency would still be 97*2 per cent. In each case the qimlitative 
efficiency would b% 100 per cent, and the general efficiency Vould be 
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98-8 and 97*2 per cent, respectively. In the first case, however, 
I'l per cent, of the whole of the coal would be thrown away with the 
dirt, and in the second case 1*6 per cent, would be lost, and general 
efficiencies of nearly 100 per cent, would seem to be inappropriate. 

There is another objection to Drakeley's formula, which applies 
in part also to Frazer and Yancey's formula, namely, that it assumes 
that there is no fracture of the middlings particles during washing. 
In general, British coals contain less middlings than coals from other 
sources, but they always contain a certain amount of middlings. 
The mechanical fracture of middlings during washing, and the dis- 
integration often occurring when middlings particles are wetted, 
result in the conversion of some of the middlings into particles of 
pure coal and " pure " dirt. Consequently, the combined 
number of float particles in the washed coal and in the refuse may be 
greater than the number of float particles in the raw coal. Effi- 
ciencies of over 100 per cent, may then be experienced. This prob- 
ably accounts for the example given by Grounds {Proc. S. Wales 
Inst, of Eng., 1927, 42, 545) of washing on H. H. tables which, he 
says, savours of over 100 per cent, efficiency." Middlings particles, 
which before washing were sink particles, may have had a little shale 
chipped off them, or may have been broken into two particles, one 
high in ash which remained a sink particle, and one low in ash which 
became a float particle. 

This objection to the Drakeley formula may be illustrated by an 
example. 

The results of the float and sink analysis of a sample of raw coal 
fed to a Yorkshire nut coal washery is given m Table 157. 


Table 157. — Float and Sink Results. Yorkshire Coal 


*S.G. 

Weight 
per cent . 
of Total. 

1 \t cent. 

1 Ash 111 

j Traction. 

Cumulative 
Weight 
per cent. 

C'umulative 
Ash Content 

1 per cent. 

! 

<1-3 

48-2 

! 

i 2-64 

48-2 

2-64 

I -3-1 -4 

19-1 

; 7-33 

^’7 3 

3-97 

1-4-1 -5 

10-4 

15-68 

77-7 

5-54 

1-5-1 -6 

4-0 

28-25 

81-7 

6-65 

1-6-1 -8 

8-7 

•43-50 

90-4 

10-19 

> 1-8 

9-6 

: •76-56 

100-0 

16-56 







Suppose that the coal w'ere being washed to recover, as washed 
coal, the material of specific gravity less than 1-5, and to reject that 
of specific gravity greater than 1*5, and suppo.se 3^per cent, of the 
S.G. i-5^floats were lost in the refuse and 3 per cent of the S.G. 1-5 
smks pasibcd into the washed coal. The yield of Washed coal would 
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tlien be 0*97 x 777 + 0-03 x 22*3, or 76‘0 per cent, of the raw 
coal fed, as against the theoretical yield of 777 per cent. 

The ash content of the washed coal would depend upon whether 
the ** sink ** particles included in the washed coal consisted of 
heavy middlings (say, S.G. i-6 to i-8), or of shale (S.G. >1*8), and 
whether the float " particles passing into the refuse consisted of 
pure coal (S.G. <1*3), or of middlings (say, S.G. 1*4 to 1*5). 
Four cases may be considered, and, according to the circumstances, 
the ash content of the washed coal would be as given in Table 158. 


Table 158. — Ash Contents of Washed Coal. 
Hypothetical Cases 


S.G. of Material passing Accidentally into 




Ash Content of Washed 



Coal per cent.* 

Refuse. 

__l 

Washed Coal. 


I-4-I-5 

I-5-I-6 

5-43 

I -4-1 -5 

>1-8 

5-85 

<1-3 

1-5-1 -6 

5-82 

<1-3 

>1-8 

625 


Under these conditions the ash content of th^=^ washed coal 
varies by nearly i pei cent. In each case the washed coal contains 

^ ^ ^ • = 99*1 per cent, of particles floating at S.G. 1*5, 


and the refuse, 


100 X 2 *33 
25-96 


— 97 per cent, of particles floating at 


♦ The method of calculation is as follows : — 

1*5 S.G. sinks passing into washed coal, 3 per cent, of total sinks, 
r- 0 03 X 22-3 = 0-67 per cent, ot raw coal. 

1*5 S.G. floats passing into refuse, 3 per cent, of total floats, 

0 03 X 77 7 2*33 per cent, of raw coal. 

First Example. — Washed coal consists of following fractions ; — 


SG. 

Weight. 

Per rent. 
Ash. 

Ash 

C tintrtbuted 

< 1-3 

48-20 

2-64 

1-272 

I- 3 - 1-4 

19-10 

7-33 

1-400 

I - 4 - 1 -5 

8-07 

15*08 

' 1-265 

I -5-1 -6 

0-67 

28-25 

o- 189 

Totak . 

7604 

• 

4- 126 . 

• 



• 


« . . , , , 4-126 X 100 

Per ceiTt. ash in washed coal = — 76^04 ““ 5 * 42 * 
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S.G. 1-5. The general efficiency according to the Drakeley formula 
would be : 

100 (99»i - 777 ) 99-1 (777-97) _ 

100 - 777 777 (99-1 - 97) ^ 

This would be the efficiency in each of the four cases considered, 
and no distinction whatever is drawn between them. 

To be of any practical value, a formula for the efficiency of 
washing must draw at least as sharp a contrast between these four 
circumstances as do the ash content figures. This the Drakeley 
formula fails to do. 

Frazer and Yancey’s general efficiency formula is based partly 
upon the quantitative yield and partly upon the qualitative effi- 
ciency. Their qualitative term may be written : — 

100 (F/ — Fr) 

F/ (Fze/ -- Fr) 

It will be seen that this value is identical with Drakeley ’s quantita- 
tive term except that the term Ft£; is omitted from the numerator. 
Drakeley’s formula is, in effect, the yield of washed coal multiplied 
by the ratio of floats in the washed coal to floats in the raw coal. 
Frazer and Yancey’s is the yield of washed coal divided by the 
floats in the raw coal. 

Their qualitative term, which may be written : — 

Raw coal ash — Washed coal ash 
Raw coal ash — “ Floats in raw coal ” ash 

is based upon ash contents and therefore draws some distinction 
between the loss of middlings or of coal in the refuse, and the recovery 
of middlings or of dirt in the washed coal. The four examples stated 
in Table 158 may be used to demonstrate this. The efficiencies 
calculated by the Frazer and Yancey formula are given in 
Table 159. 

Table 159. — Washing EFriciENciEs. Frazer and Yancey 

Formula 


S.Ct. of Material pas.sing Accidentally into 

Ash Content of 
Washed Coal 
per cent. 

Efficiency. 

Refuse. 

Washed Coal. 

I '4-1 -5 

I -5- 1 -6 

5-43 

867 

I -4-1 -5 

>1-8 

5-85 

81-9 

<1-3 • 

<i-3' 

I -5-1 -6 • 

5-82 • 

82-1 

■ >1-8 

6-25 ' 

79-8 
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An adequate differentiation between these four cases is shown by 
Frazer and Yancey's formula. The formula is unsatisfactory, how- 
ever, under one set of conditions. The inaccurate operation of the 
washery may result in the loss with the refuse of particles which 
it is desired to pass into the washed coal (floats), there being, at the 
same time, no corresponding inclusion of sinks in the raw coal. In 
the examples considered, it was presupposed that 3 per cent, of the 
S.G. 1*5 floats passed into the refuse, and that 3 per cent, of the 
S.G. 1*5 sinks passed into the washed coal. Suppose, however, 
that 3 per cent, of the S.G. i'5 floats passed into the refuse and that 
all the S.G. 1-5 sinks also passed into the refuse. The loss of float 
particles would amount to 0-03 x 777 = 2*33 per cent, of the raw 
coal. If this loss consisted of particles of S.G. 1-4 to 1-5, the washed 
coal would consist of the following fractions : — 


S.G. 

Weight per cent. 

Ash Content 

of Raw Coal. 

per cent. 

< 1-3 

48*20 

2-64 

I -3-1 -4 

19*10 

7-33 

I -4-1 -5 

8*07 

15-68 


The yield of washed coal would, therefore, be 75*4 with a mean 
ash content of 5*22 per cent. The 24*6 per cent of refuse would 
contain — 

?:33 ^ 

24*6 ^ ^ 

per cent, of floats at S.G. 1-5, and the efficiency of washing, according 
to Frazer and Yancey, would be — • 

100 (777 - 9-5 ) 16-56 - 5-22 ^ 

77-7 (100 — 9-5) 16-56 — 5-54 ^ 

An efficiency of over 100 per cent, is therefore recorded when 
2*3 per cent, of the raw coal is uselessly thrown away. 

This example indicates the inadequacy of the Frazer and Yancey 
formula. The formula gives an excellent comparative value when 
the washer is producing a coal of higher ash content than is desired, 
but when the washer is producing too clean a coal, it is unduly 
credited for the improved quality of the coal, and insufficiency... 
debited for the loss of output sustained. .For it should be remem- ^ 
bered that the object of washing is usually to obtain the inaximum 
output of a coal of a given qualify, and there is not usually any 
recompense for producing a coal of superior quality.' ^ 

An additional objection to the Frazer and Yancey formula is 
that it necessitate*s a knowledge of the ash content of the 1‘aw coaf. 
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The proportions of coal and dirt in the coal supplied to a washfer, 
even when the supply is obtained from a large hopper, vary very 
considerably over short periods of time. The difficulties of collecting 
a representative example of the raw coal fed over a whole diift are, 
therefore, very great ; so great are they, especially when the washery 
deals with the larger sizes of coal, that it is almost impossible to 
obtain directly a true figure for the ash content of the raw coal. 
As this is required by the Frazer and Yancey formula, considerable 
errors may be introduced by using an inaccurate figure. The same 
abjection applies to the Drakeley formula, for which float and sink 
analyses on the raw coal are required. 

The fluctuations in the quality of the washed coal and the refuse 
are within much narrower limits, and are far less frequent than are 
the fluctuations in the relative proportions of coal and dirt in the 
raw coal. The washer acts as a stabiliser, and in all modern 
washeries provision is made to deal with a raw coal varying in 
quality and fed irregularly, the fluctuations being neutralised during 
the washing cycle. It is therefore much easier to obtain reliable 
samples of the washed coal and of the refuse produced during a 
shift than it is to obtain a representative sample of the raw coal. 

For this reason it would be preferable that a formula for efficiency 
should be based solely upon the results of an examination of the 
products. By this means, not only is greater accuracy ensured, but 
the number of analyses required may be reduced. 

A formula which would appear to meet the needs of washeries 
more satisfactorily than those already considered is as follows : — 

Fffi • — content of raw coal floats 

lency - Ash ^ont^t of wash^oiF ' 

Ash content of refuse 



Ash content of raw coal sinks. 

It has been stated that the proportions of coal and dirt in the 
raw coal fed to a washery are liable to considerable variations, and 
this makes it difficult to determine the ash content or the percentages 
of float and sink in the raw coal. On the other hand, the ash contents 
of floats and sinks in the raw coal are subject to less variation, and 
these determinations are less liable to error. 

Indeed, the coal itself and the dirt fed to any washery are of 
fairly uniform composition from hour to hour and from day to day, 
and average values for their ash contents may usually be taken. 

^ Such average values could be determined from figures over a period 
of several months, and if the ratio 

Ash content of floats in raw coal 
Ash content of sinks in raw coal 

( 

were found to have a fairly constant value (K), the suggested 
formula for efficiency could be written simply : — 
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T7«; • _ ^ content of refuse 

n^mciency - ^sh content of washed coal* 

To make the theoretical maximum value loo, for convenience,. 
K could be multiplied by loo, and the formula could then be 
stated : — 

TTffi • — C X ash content of refuse 

ciency — ^sh content of washed coal' 

where C is a constant determined from the average float and sink 
analysis of the raw coal over a period of time, and is equal to 

100 X ash content of floats in raw coal 
Ash content of sinks in raw coal 

This formula has several advantages over others. It requires 
only two analyses, it is simple to calculate and easy to remember. 
It takes account automatically of the quality of the material going 
astray {i.e., coal or middlings into the refuse ; pure dirt or middlings 
into the washed coal) and of the yield of washed coal. Furthermore, 
it does not require sampling of the raw coal (except periodically to 
check the value of C), and the ash content of the saleable coal being 
usually determined as a matter of routine, requires only one extra 
daily analysis. 

The examples already considered in connection with the Drakeley 
and Frazer and Yancey formulae (Table 158) may be employed to 
demonstrate the use of the suggested formula. In all these examples 
it was presupposed that the washery was operated to make a 
separation of the material lighter than a specific gravity of 1*5 from 
the heavier material. The ash content of the S.G. i ’5 float is 
5*54 per cent., and of the S.G. 1*5 sinks 55'00 per rent. In these 

circumstances, C = *^^^00 

The ash contents of the products and the efficiencies are given in 
Table 160. 


Table 160. — Constituents of Products and Efficiencies 


S.G. of Material passing 
Accidentally into 

Ash Content per cent. 

Efficiency. 

„ Refuse. 

Washed Coal. 

Washed Coal. 

Refuse. 


I - 4 - 1 -5 

I - 4 - 1 -5 

< 1-3 
< 1-3 

I 5-1 -6 
, > 1-8 
• I 5-1 -6 
. >1-8 

5-43 

• 5*85 

5- 82 

6- 25 

■ : 

51 92 
50 - 5 Z 
. 50-65 
49-30 

• 

96-3 

87-1 
. 87-6 

. 79-4 • 


QQ % 
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The suggested formula places these four examples in the same 
order of efficiency as the Frazer and Yancey formula, but the 
variation in efficiency is greater, the range being 17 units instead of 
.7 units. 

The new formula also places the efficiency of washing coals A and 
B (Tables 155 and 156) in the same order as does the Frazer and 
Yancey formula, and in the reverse order to that suggested by 
Drakeley’s formula. 


Formula of 


Efficiency. 


Coal A. 

Coal 

Drakeley . 

86-6 

81-9 

Frazer and Yancey . 

92-0 

97-5 

Chapman and Mott . 

75-9 

91-4 


The wider range between the efficiencies suggested by the new 
formula is again shown. It will be noticed that, according to the 
formula employed, the efficiency varies in any one case. Thus, for 
coal A, the efficiencies are 86-6, 92-0 and 75*9 respectively. This 
is of no moment, for the figures have no absolute value. They are 
only relative, and it is doubtful if any of them have any real value 
otherwise than as a means of comparing daily (or weekly) operations. 

In using the formula, it is necessary first to decide at what 
specific gravity the separation of the raw coal into coal and dirt can 
be most economically attempted. If the colliery management 
decided that the market demand would make it more profitable to 
effect a separation at some specific gravity other than 1-5 (as in the 
examples given) the value of the constant, C, would be different. 
With separation at specific gravities of 1-4, i-6 or i-8, the floats in 
the raw coal would have ash contents of 3-97, 6-65 or 10-19 per cent, 
and the ash content of the sinks in the raw coal would be 42-50, 60-81 
or 76-56 respectively. The constant, C, would then have the value 
9-34, 10-93 or 13-31. 

Under present conditions there is little incentive for a colliery 
company to reduce the ash content of its coal below a certain 
amount. If coal containing 7 per cent, of ash is readily saleable and 
coal with only 6| per cent, of ash commands no higher price in the 
market, a loss of saleable material is encountered if the coal is 
cleaned to below 7 per cent, of ash. The formula suggested credits 
the washery if the coal is washed “ too clean." Thus, if the separa- 
tion is made at S.G. 1-5, the floats contain 5-54 per cent, of ash ; but 
if the coal is washed to, say, 5-40 per cent, of ash, the calculated 
- efficiency is higher than present market conditions justify. For this 
reason, , in using the formula, it would appear to be more satis- 
factory to place a minimum value on the ash content of the washed 
coal. f , 

It has been assumed in Table 160 that separation at S.G. 1-50 is 
?,ttempfed In the first example some of the S.G. 1-4 to i*5 middlings 
passed into the refuse and some of the S.G. i-^ to i-6 middlings 
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passed into the washed coal. The washed coal then contained 5*43 
cent, of ash, whereas the S.G. i *5 floats in the raw coal con- 
tained 5*54 per cent of ash. In this example, we suggest that a 
minimum value of 5*54 for the ash content of the washed coal should 
be used in calculating the efiiciency. The efficiency would then be 

10-07 X 51-92 

_ QA.A 

inctpnH ni 

X J)I-92 _ 

It should be stated that, when the coal is not washed “ too clean,'' 
the calculated efficiency seems to provide a satisfactory means of 
comparing the day to day operation of the washery. In common 
with all efficiency formula, however, it suffers from the defect that 
no relation to market price is incorporated. In this connection. 
Chapter XXXIII. should be consulted. 



CHAPTER XXXII 


THE ADVANTAGES OF CLEAN COAL IN INDUSTRY 

For whatever purpose coal or coke is used, it is to the advantage 
of the consumer that the fuel should contain the minimum amount of 
ash. Incombustible material in the fuel reduces its gross calorific 
value, increases the weight that must be handled and transported, 
gives rise to difficulties of combustion which render the heat less 
easily available, occasions losses of combustible material, and in- 
volves further expense in its disposal. Its disadvantages are not 
confined to the consumer ; they are also inflicted upon the general 
public, because ash in coal increases the production of smoke and 
results in the discharge of fine dust from chimney stacks, especially 
from pulverised fuel boilers. 

If it be assumed that, by cleaning, the ash content of the coal 
could be reduced, on the average, by 5 per cent., from, say, 10 per 
cent, to 5 per cent., it can be calculated that about £2,500,000 is 
spent per annum on the transport of useless material ; that, in Great 
Britain, 5,000,000 tons of removable incombustible matter is charged 
per annum to boiler fires. These figures have little real significance, 
because they are based on rather wide assumptions, but their magni- 
tude is, perhaps, rather greater than would be casually imagined. 

Although it is generally agreed that the consumer would be 
willing to pay for the removal of this incombustible material in pro- 
portion as the heating value of the residual fuel was increased, the 
full\;xtent of the benefits that would accrue to the consumer are not, 
perhaps, adequately realised. The additional value of the purer 
fuel is, for almost all purposes, considerably greater than is suggested 
by a comparison of the calorific values of the two fuels. This may 
be demonstrated by describing briefly the harmful effect of the ash 
in coal used for various purposes and the advantages which a purer 
coal, as obtained by coal cleaning, would bring in its train. 


THE CARBONISATION INDUSTRIES 

. e. In the manufacture of by-product coke there are certain diffi- 
^ culties arising because of the presence of incombustible matter in the 
coal, i^or example, the presence of chlorides is very harmful to the 
oven walls, except when they are .made of silica,^ and the presence of 
iron tends tq reduce the ammonia yield. The principal disadvantage 
of dirt ih the coal, however, is the production of breeze in the coke. 
Breeze always contains a higher percentage of ash than the larger 

59* i 
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coke, and it is clear that it results from the presence of slurry in the 
coal. The sluny usually contains at least 20 per cent, of ash and 
30 per cent, of water, and includes much fusain and clay slimes, 
which prevent the agglomeration of the slurry into a hard coke. The 
weak product which results is easily disintegrated and accumulates 
in the breeze collected at the coke-oven plant. In certain Durham 
cokes it has been observed that thin flat pieces of shale, which have 
not been removed in washing the coal, cause fractures in the coke, 
thus making it more liable to break and form breeze. Fine crushing 
would reduce the size of the shale particles, which would then be 
more evenly admixed with the coal. This is, however, the wrong 
method to use, for it is certain that most of these particles could be 
removed by washing in a suitable plant, and most desirable that they 
should be removed. 

Unscreened Durham gas coal is used to a very large extent in 
the gas industry, particularly in the South of England. A typical 
Durham gas coal contains from 10 to ii per cent, of ash, yielding a 
coke containing from 14 to 15 per cent, of ash. Such material is 
known to be much less efiicient in use than a cleaner coke, and, with 
modem developments in coal cleaning, there is no excuse for its 
continued use. 

In modem gasworks carbonisation a portion of the coke is 
gasified in producers and the remainder is sold as a domestic fuel. 
The removal of the clinker from the producers and its disposal is an 
expensive charge on the gasworks, and, in large towns, may amount 
to four or five shill ing s per ton of ashes. The incombustible mineral 
matter is, moreover, a source of trouble and expense in the opera- 
tion of the producer. The greater the ash content of the coke, the 
more frequently is it necessary to clean the fires and remove clinker, 
and the gas-making capacity of the producer is pioportionately 
reduced. Further disadvantages of high-ash fuels are the increased^ 
amount of combustible matter lost in the ash and the rapid increase 
in the resistance to the flow of air and steam through the fuel bed 
between clinkering periods. The channelling which occurs when the 
resistance increases occasions additional difficulties because it causes 
fine solid particles to be carried forward with the gas. Similar 
difficulties are experienced when coke is used for the manufacture of 
producer gas for metallurgical purposes. 

Moreover, in the gas retort, the yield of gas per ton of coal is 
reduced by the presence of dirt in the coal charged and the sulphur 
content of the gas may be increased. 

DOMESTIC FUEL 

The principal objection to gasworks coke as a domestic fuel is that 
it is usually diity.* At present, the importawe of §iziqg coke for the 
domestic consumer is being revised, but it is not fully raised t^at 
the domestic consumer is usuaUy far more likely to purchase a coal 
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because it bums in an open grate without leaving large quantities of 
dust and ashes behind, than because it ensures the maintenance of a 
clear atmosphere above his chimney top. Yet gas companies 
recommend their coke for its smokeless qualities. They would prob- 
ably attract more customers if they were able to recommend it for 
its ashless qualities, and such customers would be prepared to pay a 
higher price because it reduced domestic labour and expense. 

Apart from the labour of dusting the room after clearing the ashes, 
and the damage to carpets and furnishings by the fine gritty particles 
of' ash, there is a definite reduction of thermal efficiency of the fire 
when the coke contains quantities of incombustible matter. Bligh 
and Hodsman, for example (Journ. Soc. Chem. Ind., 1927, 46, 92T), 
found that the radiant efficiency of a domestic coke fire was 29-3 per 
cent, with a coke containing only 1*5 per cent, of ash, whereas with a 
similar coke containing 5-5 per cent, of ash the radiant efficiency was 
only 23-9 per cent. An increase of 5-4 per cent, in the utilisation of 
the potential heat of the coke was obtained by reducing the ash 
content of the coke by only 4 per cent. 

Bligh and Hodsman describing the tests state that : " The 
superiority of the fuel was obvious, apart from any measurement, 
both as regards heating efficiency and appearance." They attribute 
the decreased efficiency with the coke of higher ash content to 
a film of incombustible material formed over the surface of the 
particles. 

The objections to the ash contained by domestic coke apply also 
to the incombustible matter present when coal itself is used as a 
domestic fuel. When coal is used, however, the bulk of the ash 
occurs as " fixed ” ash in the coal, though large pieces of free dirt 
are often found and the removal of these pieces irritates a householder 
who often has to pay a high price for the coal. 

BUNKER COAL 

The chief objections to ash in the coal used for bunkering are 
those common to all coal used for boiler firing, and these objections 
are described at length later. There are, however, two additional 
objections. Firstly, uncleaned coal contains a greater proportion 
of pyrites than cleaned coal, and although pyrites may not, in the 
majority of cases, be the primary cause of spontaneous combustion, 
there is little doubt that it is,*, or can be, a contributory factor.' 

•The second additional objection is the extra cost of bunkering 
an^ the loss of cargo space. If 100 tons of coal containing 10 per 
cent, of 9Lsh are bunkered at a cost of is. per ton, los. is spent on 
loading useless material and an extra 10 tons of dead weight are 
carried, which, at a freight rate of is. 9^. per ton, per day, is equiva- 
lent to a loss lof earning power of 17s. 6 d. per day, or*ftbout £250 per 
aijnum. *A reduction of the ash from 10 to 5 per cgnt. would there- 
fore effect a. considerable saving. , 
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RAILWAY FUEL 

The railway companies have for many years realised the value 
of a coal with a relatively, low ash cofitent, because of its higher 
calorific value and the increased rates of evaporation per square foot 
of grate area. For these reasons they have always been willing to 
pay a higher price for lump coal, which, besides being easier to stack 
and less liable to spontaneous combustion, almost always has a 
lower ash content than the smaller sizes. Before the coal is used for 
locomotive firing, however, it is broken up and usually moistened, 
so that, except for the greater ease and safety of storage, small and 
moist coal, provided it were clean, would be equally suitable. 


THE VALUE OF CLEAN COAL FOR STEAM GENERATION 

IN BOILERS 

There are seven principal causes of thermal losses in the genera- 
tion of steam in any kind of boiler other than losses due to bad design 
or poor operation. These are as follows : — 

(a) Unburnt carbon in the ashes. 

(d) Unbumt carbon in the flue gases. 

(c) Combustible gas in the flue gases. 

(d) The sensible heat of the flue gases. 

(e) The sensible heat of the ashes. 

(/) The heat required to evaporate the moisture in the coal. 

(g) Radiation from the body of the boiler plant. 

The use of coal of high ash content results in a greater loss of 
efficiency than is experienced when using a coal with a low ash con- 
tent for each of the first five causes. 

It is obvious that a coal with a high ash content will yield a 
greater amount of ashes than a cleaner coal, and that the loSs of 
sensible heat, and of combustible matter, in the ashes will therefore 
be greater. But it is also true that a high ash content leads to greater 
losses in the flue gases. 

When coal is burnt on a grate, the irregularities of the depth of the 
fuel bed cause too much air to be passed where the bed is thin and 
too little where the bed is thick. In order to prevent the formation 
of smoke the air supply must be regulated to meet the needs of the 
thicker parts of the bed, with the result that an excess of air passes 
through the bed where it is thin. Some of this excess of air is utilised 
in the space above that occupied by the solid fuel for the combustion 
of the volatile hydrocarbons distilled from the coal, but the greatew 
part of it appears in the flue gases, carrying away sensible heat with it. 

It is necessary Jo pass some excess air through the fuel bed in 
order to proven# a high loss of fuel in the flue gases, either as carbon 
monoxide or as sipoke. But it is well known that if the quantity qf 
excess air passed is too great, siqpke formation is enhanced, because 
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the air causes a local reduction in the temperature above the fuel bed 
and opposes complete combustion. The gases passing over the fuel 
bed are then insufficiently heated and are imperfectly burned. The 
time available for their proper combustion is reduced, because the 
greater is the amount of excess air, the more rapidly do the gases 
above the fuel bed pass into the flues. 

The speed with which the air passes through the thinner portions 
of the fuel bed causes small particles of solid fuel to be lifted from the 
bed, and these combustible particles pass into the flues without being 
burned. The more rapidly the air passes through the channels in 
the bed, the greater is the loss from this source of unbumt carbon 
in the flue gases. The solid particles blown from the bed by the 
draught of air also tend to stick to the crown of the furnace, and, with 
some coals, the ash fuses at the high temperature of the crown and 
the refractory lining of the furnace is eroded. 

These losses of heating power in boilers are common to all boilers, 
whether fired by hand, by a mechanical stoker, or by pulverised fuel. 
They are greatest in a hand-fired boiler because of the greater irregu- 
larities of the bed, and because of the admission of cold excess air over 
the fire whenever the door is opened for firing or for clinkering. 
With a mechanical stoker, more regular conditions of the fire are 
ensured, but channelling still requires the admission of about 75 per 
cent, of excess air, and the forced draught causes appreciable losses 
of small solid combustible particles (other than as smoke) in the flue 
gases. In a pulverised-fuel furnace all the losses of combustible 
matter and of sensible heat are minimised. 

The losses experienced in all three types of boiler are increased 
considerably if the boiler is called upon to perform work more than 
its normal rated duty. All boilers, in good condition and properly 
fired, can be satisfactory at a low, steady load, but steady conditions 
are seldom encountered, and provision must always be made for 
sudden and irregular demands for steam. The efficiency falls very 
rapidly in an overloaded boiler fired by hand until, when the boiler 
carries double its normal load, the efficiency may have fallen from 
70 to 40 per cent. The efficiency of a mechanical stoker also falls 
rapidly at overloads, and stand-by boilers have usually to be ready 
to meet the peak load in a power station. A pulverised-fuel furnace 
can, however, be made to meet sudden and increased loads with only 
a relatively small fall of efficiency. 

The effect of using a high-ash coal instead of a low-ash coal may 
now be examined. A hand-fired boiler, which is the least efficient of 
the three types mentioned, is affected to the greatest extent. More 
frequent firing is required, and this necessitates the more frequent 
'*bpening‘of the doors. The excess air admitted over the fire cools the 
burning gases, producing smoke, and is itself heated, causing a loss 
of sensible heat. It is necessary to rake the fire ^d to clinker at 
shorter intervals, again allowing the entry of cold excess air above 
the fire, and causing a much greater amount of cofiibustible material 
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to fall through the bars and be lost. It is also necessary to work 
with a greater depth of fuel bed. A thick bed of fuel aggravates the 
difficulties of maintaining an even bed and greatly increases chan- 
nelling, and the losses of sensible heat and combustible matter 
caused thereby. 

Mechanical stokers are unable to deal with coals which clinker 
easily. With clinkering coals, sticking in the grate interferes seri- 
ously with the draught. This difficulty can be met by steam injec- 
tion, but it is apt to be considerably more serious if a high-ash coal 
is used. In any event, an increased amount of ash in the fire increases 
the resistance to the passage of the air and deadens the fire, renders 
a break-through of the air in a weak part of the bed much more likely, 
and causes a greater loss of combustible matter in the ashes. If the 
boiler is required to meet a sudden demand, the fire is less able to 
respond to an increased rate of feed, and the percentage loss of com- 
bustible matter in the ashes increases rapidly. Not only does a 
high-ash coal increase the losses of sensible heat due to the passage 
of excess air, but it also increases the loss of combustible particles 
in the flue gases, and in the ashes. Moreover, it materially reduces 
the flexibility of the boiler. 

It has frequently been stated that pulverised-fuel firing offers an 
outlet for the use of accumulations of low-grade fuel. Low-grade 
fuels certainly can be and are being used in pulverised fuel installa- 
tions, but where the coal could be cleaned before use, the efficiency 
would be greater and the cost of cleaning would be a profitable 
expense. 

When a high-ash coal is used, the cost of drying is correspond- 
ingly increased, and the cost of grinding and the wear and tear of the 
pulveriser are disproportionately increased because the shale is 
harder to grind than the coal. Furthermore, the mineral matter 
in the dust entering^ the combustion chamber must be heated to the 
flame temperaturq without contributing anything to the boating * 
and the incombustible dust must be discharged from the furnace. 
Generally the flue gases carry with them large quantities of incom- 
bustible dust and discharge them from the stack. Much of the finely- 
divided dust so discharged passes into the upper atmosphere and is 
not brought down except by rain, but a part of it, at least, falls to the 
ground. The more rapidly the practice of firing boilers with pul- 
verised fuel spreads, the more numerous will be the complaints 
against this nuisance, and the probable development of pulverised 
fuel firing is likely to increase the number of complaints and the 
number of interests behind them. ^ ^ 

The efficiency of a pulverised-fuel boiler is impaired in several 
ways by employing a coal with a high content of mineral matter. 
The incombustible dust is apt to qollect on the water tubes and in the 
flues. These collections must be removed periodically. This source 
of loss is magnified if the ash is readily fusible, and coals with even a 
slightly fusible ish are also expensive to use because of*the severe 
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erosion of the walls. Indeed, the wear and tear on refractory walls 
has been responsible for a re-design of pulverised-fuel boilers. In 
the latest designs the walls are of steel, but the substitution of steel 
fin-tube walls for air-cooled walls in order to remove the difficulties 
caused by the ash in the coal is not without its own difficulties. 
Coals with a high ash content are more likely to lead to the troubles 
caused by ash fusion and by erosion than are those with a low ash 
content. The particles exist in the combustion chamber as finite 
units, and the individual particles are not all of the same composition, 
some of them being more fusible than others. The amount of trouble 
to be anticipated from the harmful effect of the ash is roughly pro- 
portional to the amount of ash present. Furthermore, if x lb. of a 
coal containing 5 per cent, of ash is required to give a certain rate of 
evaporation, the amount of ash produced is 0*05 a:. The substitu^ 
tion of a coal with 20 per cent, of ash requires a minimum feed of 

100 5 ^ obtain the same heating effect, and the amount of ash 

100 — 20 o > 

20 

produced is in the proportion X ^ or 24 to 5 instead of simply 

100 oO 

20 to 5. 

The use of a coal containing large quantities of incombustible 
matter requires an increase in the rate of feed in order to maintain 
the required temperature and the same rate of evaporation, and, in 
effect, reduces the size of the combustion chamber, partly because 
of the more rapid entry and passage of the particles, but also because, 
in the latter stages of the combustion, the solid combustible particles 
are shielded from the radiant heat of the walls (which accelerates 
combustion) by the incombustible particles which are interposed. 
The ability of a boiler fired by pulverised fuel to meet rapidly varying 
conditions is its greatest advantage over a boiler fired by other 
methbds. But if the coal has a high ash content, and the feed is 
forced in order to meet a sudden overload, the difficulties attending 
too high a velocity of feed will be accentuated, the liability of troubles 
due to fusion of the ash will be increased, the complete combustion of 
the solid particles remaining after distillation and combustion of the 
volatile matter will be rendered more difficult, and the troubles 
attending the removal of dust from the flue gases will be intensified. 

Obviously, then, the use of a coal containing considerable quan- 
tities of incombustible ma'terial is largely neutralising the principal 
advantage which pulverised-fuel firing can offer over other systems 
of #*ring. 

^ The quantitative estimation of the losses of efficiency and flexi- 
bility of all kinds of boiler by reason of the incombustible mineral 
matter contained in the fuel used is hampered t^y lack of available 
test figures. ^ In 1917 the American National Research Council 
is^sued a pamphlet prepared by the J. G. White Engineering Corpora- 
tion, in which the losses of boiler efficiency due to the ash content of 
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the coal were assessed. The number of pounds of coal required per 
boiler horsepower-hour with different qualities of fuel was stated to 
be as follows : — 


Ash Content of Coal 
per cent. 

4 

8 . 

12 

15 

18 . 

21 


Coal required per Boiler 
h.p. hour. Lb. 

3 

3-2 

3-5 

3*9 

4*4 

5*4 


Similarly, on account of the reduced boiler capacity when burning 
a high-ash coal, a larger number of boilers are required. Thus, to 
generate 300,000 lb. of steam per hour, equivalent to a peak load of 
i5iOOO to 20,000 kw., the following numbers of boilers are required : — 


Ash Content of Coal 



No. of Boilers 

per cent. 



required. 

4 



8 

8 



9 

12 



II 

15 • 



• 15 

18 . 



. 18 

21 



20 


These relative figures are based on the practicai experiences of a 
very large industrial company, and in no uncertain way indicate the 
much greater operating expense when a high-ash coal is used instead 
of a low-ash one. 

The following figures are estimates of the losses of efficiency in 
hand-fired boiler practice when the fuel used is bituminous coal ^ 
containing 4, 10 and 20 per cent, of ash respectively, and whcfti the 
conditions of firing may be regarded as reasonably good. 

The calculations have been made so that the miscellaneous losses 
of efficiency have been made equal to 7-5 per cent, in each case. 
These losses include the loss due to the moisture in the coal, radiation 
and other losses, so that the figures apply to coals with equal moisture 
contents, and under similar conditions of firing. The estimated 
proportionate losses with coals differing only in ash content are given 
in Table 161. 

On the figures given in Table 161, the operating efficiency with a 
coal containing only 4 per cent, of ash is 11*5 per cent, greater tjjian 
with a coal containing 10 per cent, of ash/ and 24-6 per cent, great^ 
than with a coal containing 20 per cent, of ash. These figures, how- 
ever, do not repre^nt the full advantage to be gained by the use of a 
coal low in asi They take no account of the grdatej flexibility of 
the boiler, the smaller number of boilers required for a givel! demand, 
and the greatly decreased cost of ash-handling and dispoSal. 
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Table i6i.— Average Heat Losses in Hand^fired Boilbre. 
Heat Losses expressed as Percentages of Heat available 


Cause of Loss. •«. 

Ash Content of Coal. 


4- 

10. 

20 

Loss of combustible matter : — 




(a) As carbon in the ashes 
-(b) As carbon monoxide and smoke in the 

0-6 

4-8 

10*0 

flue gases 

0-9 

1-9 

3-5 

(c) As solid combustible particles in the flue 


gases 

1*0 

1-5 

2*0 

Loss of sensible heat — 




(a) In the flue gases .... 

12-2 

17-8 

23-0 

(h) In the ashes 

Other losses, radiation, moist un‘ in flue gases, 

O-I 

0-3 

0-9 

etc. ....... 

7-5 

7-5 

7-5 

Thermal efficiencies ..... 

777 

66-2 

53-1 

Totals 

100*0 

100*0 

100*0 


Suppose slack containing lo per cent, of ash were available at 
the pithead at a cost of P shillings per ton and that the coal were 
transported by rail for A miles at id. per ton-mile (the approximate 
present cost). Suppose, also, that the cost of ash handling and dis- 
posal were B shillings per ton and that G per cent, of the coal were 
converted into ashes. The cost of 66-2 units of efficiency would be 

P -f A/i 2 -j- BC/ioo. 

Or, one unit of efficiency would cost 

P -f 0-083 A -f- o-oiBC , 

66-2 

For an average location, A may be given an arbitrary value of 40, 
and the cost of ash handling and disposal may be reckoned as 5s. per 
ton. For the purpose of calculating the relative values of coals con- 
taining 4, 10 or 20 per cent, of ash, a basic value of los. may be taken 
for a ton of slack containing 10 per cent, of ash at the pithead. 

The cost per unit of efficiency, with a 10 per cent, ash coal, is 
therefore 

10 + 3-33 + 0-.I05 X 5 , .... 

^66-2' = 0-2097 shiUings 

the percentage of ashes formed being 10-5. , 

With a 4 per cent, ^ish coal, 77-2 units of efficiengy are obtained 
and 4-02 per ’cent, of ashes are made. If the value of a unit of effi- 
ciency be taken as 0-2097 shillings. 
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^ . ~ 1 r 3*33 S _ 0.2097 shillings. 

Whence, P =* i2-66 shillings. 

Similarly, for a 20 percent, ash coal, with an efficiency of 53 •! per 
cent, and producing 22*22 per cent, of ashes, 

p + 3.33 + 0-2 222 X 5 ^ 

Whence, P = 6-69 shillings. 

On this basis, if a ton of coal containing 10 per cent, of ash is worth 
los. at the pit, a coal with 4 per cent, of ash is worth 12s. %d., and a 
coal with 20 per cent, is worth only 6 s. 8 d. These values, however, 
make no allowance for the greater flexibility and capacity of the 
boiler when the coal with the lower ash content is used. 

These figures assume, as previously stated, an equal moisture 
content of the coals. Unfortunately, washed coals are frequently 
badly drained and the advantage of low ash content is often, in part, 
neutralised by the higher losses involved in evaporating the moisture 
in the coal. 

The relative losses of heating value when coals with different ash 
"contents are burned on mechanical stokers are more difficult to 
assess because of the differences between different makes of stoker, 
especially in respect of the los.ses of combustible matter in the ashes 
(in distinction to the clinker) produced by the mechanical disintegra- 
tion of the fuel as it travels forward with the grate. 

According to Bone (“ Coal and its Scientific Uses,” London, 1918, 
p. 195), “ There seems to be a consensus of opinion amongst compe- 
tent judges that, from the point of view of fuel economy, the advan- 
tages of mechanical stoking over hand firing are greater the lower 
the grade of fuel employed. Indeed, mechanical stokers teitd to 
diminish the natural difference between a low-grade fuel in a degree 
which increases with the extent of such differences.’ 

In this statement, Bone is referring principally to coals of vary- 
ing rank (bituminous compared with sub-bituminous, etc.) rather 
than to coals with different ash content, but the statement seems to 
be also generally applicable to coals of similar rank, but varying in 
ash content up to about 15 per cent. Above about 15 per cent., the 
heat losses in operating a mechanical stoker plant increase rapidly 
with increasing ash content of the fuel. Consequently, although it 
is distinctly advantageous to use a good quality fuel on a hand-^ed 
boiler, the advantage of a coal of low ash content over a lower quality 
fuel is less apparent on mechanical stokers, ^ In general, with 
mechanical stoking, there is a higher loss of sensible heat in the flue 
gases than wiOi hand firing, but there is considefabW 1^ lo^ of 
combustible majter in the flue gases as carbon monbxidfe and ^s 
smoke. 



6o8 THE CLEANING OF COAL 

The following figures (Table 162), published by Patterson (Chem. 
and Ind., 1923, 42, 904), which compare the amoimts and <^bon 
contents of the ashes produced in fifteen different large mechanical 
stoker plants, are of interest. 


Table 162. — ^Ashes Produced in Fifteen Mechanical 
Stoker Plants 



Volatile 

** Fixed 

Ash per 
cent. 

Carbon in 

Carbon in 


Coal , 

Matter 
per cent. 

Carbon 
per cent. 

Ashes per 
cent. 

Ashes as 
per cent. 
Coal. 

Size of Coal. 

A 

28-90 

51-16 

16-34 

17-24 

3-34 

i in. slack. 

B 

27-96 

50-94 

17-38 

ii*6i 

2*40 

Dust to J in. 

C 

25-38 

50-54 

18*88 

22-84 

5-50 

Small slack. 

D 

24-98 

52-68 

20-38 

13*32 

3*00 

1 in. slack. 

E 

30-84 

57-30 

9-70 

11*22 

1*20 

I in. slack. 

F 

24*86 

47-60 

25-40 

30-44 

1 1 -00 

Dust to J in. 

G 

28*18 

51-62 

14-18 

15-88 

2-60 

Clean pea slack. 

H 

26*00 

46-36 

23-68 

17-64 

5-00 

^ in. slack. 

K 

26*06 

48*04 

22-00 

13-40 

3-40 

1 in. slack. 

L 

23*49 

61-49 

25-02 

21*04 

6-60 

Dust to I in. 

M 

33*47 

52-73 

13-80 

5*20 

0-75 

I in. nuts. 

N 

7*53 

69-86 

22-61 

31*00 

9-80 

Fine anthracite 



slack. 

0 

20*42 

69*87 

9-71 

9*30 

0-97 

Clean I in. slack. 

P 

26*06 

60*82 

1 1 -00 

25*20 

3-77 

J in. slack. 

Q 

26*80 

43*44 

28-16 

40*48 

19-10 

Very fine slack. 


If these figures be grouped to compare the amounts of combustible 
matter lost from coals of varying ash content, there is, with a few 
excerptions, a rapid increase in the losses with an increase in the ash 


Table 163. — Loss of Combustible Matter with Coals of 
increasing Ash Content 


Coals. 

Range of Ash 
Content per 
cent. 

Mean Loss of 
Carbon as per 
cent, of Coal. 

Mean Loss of 
Carbon as per 
cent, of Fixed 
Carbon in 
Raw Coal. 

r 

■E, 0, P, M, G . 

Under 15 

1-86 

3-22 

A, B, C . 

15 to 20 

3-75 

570 

D, K, N, H, L .. 

20 to 25 

■5-56 

9-68 

F. Q , . . . 

Over 25 

15-55 

33-55 
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content of the raw coal. The losses are more striking if the loss of 
carbon is expressed as a percentage of the amount of fixed carbon 
in the raw fuel. The comparisons are made in Table 163. 

The large increase in* the loss of combustible matter with increase 
in ash content of the raw fuel is evident from these figures. The 
amount of loss is more significant if the loss is expressed as a per- 
centage of the amount of “ fixed carbon in the ash-free coal. The 
** fixed carbon ” content of the ash-free coal may be calculated from 
Patterson's figures, and the mean loss of carbon on this basis for 
coals E, O, P, M and G, which have a mean ash content of 117 per 
cent, and a mean “ fixed carbon " content of 58-47 per cent., is 

3*22 X (100 — 11*7) 

58-47 

The carbon losses so calculated arc : — 

Loss of Carbon as 
per cent. Fixed 
Carbon in Ash-frcc 
Coal. 


II-7 

4-9 

17-5 

9-2 

22-7 

• 13-4 

28-0 

• 53-1 


From the figures in Table 163 it appears that the loss of carbon in 
the ashes does not begin to rise rapidly until the coal contains about 
20 per cent, of ash, and, similarly, other losses of hr ating value are 
relatively less serious with coals containing below 15 to 20 per cent, 
of ash than with coals containing more than this amount. 

The advantage of using clean coal in mechanical stokers is, 
therefore, largely dependent upon the relative costs of cleaned and 
uncleaned slacks, considered in conjunction with the amount of ^ 
moisture left in the coal cleaned by wet washing, the distance*over 
which the coal must be transported for use, and the cost of ash- 
handling. 

The value of a coal for steam generation at a large electricity 
generating station is usually assessed by trial, but if this is impossible 
reference is often made to a chart, giving the number of B.Th.U. 
available per penny. This is the practice at the Electric Supply 
Department of the Corporation of the City of Sheffield. The calorific 
value of the dry coal is multiplied by a utility factor (based on prac- 
tical experience) to give the number of B.Th.U. probably available. 
This is divided by the delivered price, plus the estimated cost of ^sh 
disposal. The formula is given by Miles.* (whose book should bg 
consulted for further information) as follows : — 

B.Th.U. per^cimy *B.Th.U. X S.F. x, 2,240 

coal as iftceived ” Price in pence H-’ash dispo3^^1 cgst* 

• ** The Chemistry of the Power Plant." London. 


Ash Content 
of Coal. 



Table 164. — Valuation of Coals for Steam Generation 
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Available B.Th.TJ, (thousands) per penny. 

Price per ton Delivered. 

s 

PO ^ ON M ^ H 0 On 

H 6 N ioop H 

N M M 0 0 ONOO 00 t^vo 10 m N H 

H H M M M 

«n 

IH 

H wop 9 7t’7t’V^9 
w 6 « PO iO'O vD 

vovo in-^ppiN w 0 ONOO t^vo to po w 

HHWMHHWH 

«o 

m 

M 

H VO 9 ^ 9 ■^it’vo N M 7^’9^'7^9^9^9^ 
vb w ONr^Nvbob on 

00 00 t^vO m Tj- PO N W ONOO 10 PO H 

WWWWWHWMH 

IIS. 

w VO 9 ^op 9 H ^9 

b^ t^vb ONvb ^ ONiinM rnvn'^w 

W M 0 ONOO VO lO'^M W OOOvO 
OICVIMHHWHHHHW 


^ 0 (p \p 'P 9 'P V^®P 9 ^ 

b vnbvpot^b '^t^oobvb Nvb 
VOVO tOPOW 000 l>.tncON On|>.iOM 

dMMMNMWHWHW 


990 N 9 vovoop'^ 9999 wvO'^ 

« Onoo on rN.vb w w ONOO b po N w 

r^POM ON|s.m(r>H OnvO N OnvO pO 

POPOPOMMMMMMWHW 

*0 

9 \^T*"V ^9 V^°P ^ *9 9 ^ 

^ b aNONt^in'^H M 6 w (Vjob do do 

i>sr>.poo t>sTi-woo lOM ONiOM t>.PO 
'^'^'^'^POPOPOPI W <N w H M 

j Cost of Ash 
i Disposal, 
pence per i 
Ton of Coal. 

1 9^9T*'99^9^^V^'r’9^^V^?^^9 

! H N vnvb do w (T^O 00 w in On 6 

WHWWMMNPO'^ 

Per cent. Per cent. 
Ash in Ashes Pro- 
Dry’ Coal. duced. 

<Nvp Y^^9vo 
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B.Th.U. 
available 
Dry Coal. 
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Utility 

Factor. 

1 . 
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Or, B.Th.U. per penny _ B.Th.U. (dry) x S.F. y 2,240 
dry coal Price in pence + ash disposal cost’ 

S.F,, the suitability or utility factor, is based essentially on prac- 
tice, and relates the number of B.Th.U. in the coal to the number 
of B.Th.U. that can be obtained from it by combustion in a mechani- 
cally-stoked boiler. The approximate calorific value of the dry coal, 
and the amount of ash that will be produced in operation, can be 
calculated (on the basis of previous experience) from the ash content 
of the dry coal ; pure, dry, ashless coal being assumed to have a 
calorific value of 15,000 B.Th U. per lb. The suitability factor makes 
allowance for the losses of heat that will be sustained as sensible heat 
in the flue gases, combustible matter in the ashes and the gaseous 
products of combustion and for other losses. 

The figures given in Table 164 have been selected from a chart 
compiled on this basis, the suitability or utility factors being those 
found to obtain at the Sheffield Electric Supply Department stations, 
and differing only slightly from those given by Miles. 

To obtain a yield of a given number of B.Th.U. per id. of fuel 


Table 165, — Permissible Ash Content of Coal to yield given 
Numbers of B.Th.U. per Penny of Fuel Cost 


Permissible Ash Content of Coal per cent. 


Cost of Coal 
Delivered. 

Yield per penny ^ 


Shillings. 

100,000 ^ 

120,000 

140,000 


B.Th.U. 

B.Th.U. 

B.Th.XI. 

5 . 

34-8 

32-8 

31-2 

6 

33-4 

31-3 

29-3 

7 

32-2 

29-8 

27-4 

8 

30-9 

28-1 

25-4 

9 

29-4 

26 '6 

234 

10 

28-1 

247 

21-3 

II 

26*7 

23-0 

I 9 -I 

12 

25-1 

21-0 

167 

13 

237 

I9I 

14-4 

14 

22-3 

17-0 

II -5 

15 

20-4 

150 

9-1 

16 

187 

13-4 

6-3 

17 

17-0 

10-4. 

3-2 

18 

15-3 

8-2 

* 


13-5 

, 5-5 

* 


II -3 

2-9 . 

• ♦ 




In^racticable. 


R R 2 
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cost, the permissible ash contents of the coal, at different delivered 
costs, may be read from the chart and are given in Table 165. 

From the figures in Table 165 it would appear that the value of a 
coal for steam generation does not begin to decrease rapidly until the 
ash content of the coal exceeds about 13 per cent. 

This is further illustrated by the results of boiler trials [Fuel, i9iS7, 
6, 563) in which an average efficiency of 82*1 per cent, was obtained 
with three cleaned slacks (ash = 5-3, moisture = 11*9 per cent, 
average) and 82*6 per cent, with three unwashed slacks (ash = 12-5, 
moisture =:= 7-0 per cent, average). The conditions were similar, but 
the average size of the coal was slightly more favourable to the 
unwashed slacks. 

We have no figures to assess the values of coals of different ash 
content when they are to be used for pulverised-fuel firing. The 
relative value of coals is then much nearer to their net calorific values. 
The presence of incombustible matter in the coal leads to difficulties 
of operation rather than to out-of-pocket expenses, and it is impos- 
sible, at present, to convert into an item of cost the potential nuisance 
caused by the emission of small particles into the atmosphere, or the 
effect on heat transmission of a coating of mineral matter of unknown 
composition (whilst hot) on the water tubes. 

Because at present it is possible, in certain cases, to discharge the 
bulk of the ash as dust with the flue gases, the costs of ash disposal 
are uncertain and depend largely upon the method of removal of the 
ash. The principal expenses in using coal high in ash content 
are the cost of pulverisation and the cost of more frequent renewal of 
the refractory lining of the boiler. The cost of pulverisation varies 
according to the moisture content and nature of the coal used, but a 
figure of 2s. 6 d. per ton may be regarded as approximately the cost 
in plants of average size (unit system of firing). 

TliE VALUE OF CLEAN COKE FOR BLAST-FURNACE 

OPERATION 

The disadvantages of the mineral matter contained by the coke 
fed to a blast-furnace were summarised by Evans (Journ. West of 
Scot. Iron and Steel Inst., 1924-5, vol. 33) as follows : — 

1. It reduces the fixed carbon in the fuel. 

2. It necessitates the^use of additional fuel and limestone for 
smelting. 

3. It reduces the hardness and resistance to abrasion in the coke 
prq^Iuced (especially from inferior coking coals), and thus increases 
^le propprtion of breeze. 

4. It reduces the available heat in the hearth. 

A further serious disadvantage of the mineral ipatter in coal when 
fed as coke to the blast-furnace is the liability of the^iron to be con- 
ts^minateU ry other elements, such as sulphur, ^phosphorus and 
arsenic, k decrease in the ash content of the coke : — 
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• I. Decreases the coke consumption. 

2. Increases the output and therefore reduces standing and 
capital charges per ton of pig. 

3. Reduces the labour cost. 

4. Increases the ease of operation of the furnace. 

5. Improves the quality of the iron. 

It is not easy to evaluate the additional cost imposed upon blast- 
furnace operations by the ash in the coke, because of the multiplicity 
of the factors involved ; but certain estimates have been put for- 
ward from time to time of the quantitative effects of the ash. These 
estimates have usually dealt with specific points of the general 
problem, and made no allowance for the increased capacity and ease 
of operation with a clean fuel and the capital charges saved thereby. 

Apart from its lower thermal value, the principal objection to 
the ash is the increased amount of slag produced, and the extra 
quantity of limestone and fuel required to convert the ash into slag. 
The constituent of the ash to which this may be chiefly attributed is 
the silica. Assuming that the coke contains 10 per cent, of ash, and 
that the ash contains 40 per cent, of silica, the extra amount of 
silica (over and above that contained in the iron ore) charged into the 
furnace is equivalent to i cwt. of silica per ton of pig produced. 
Taking the figures of Ridsdale (Journ. Iron and Steel Inst., 1920, loi, 
I, 176), the extra solids required to be handled for a slag basicity of 
2 amount to J ton for every ton of pig. Ridsdale's figures for the 
effect of charging i cwt. of silica into the furnace are as follows : — 


Slag basicity . 

Limestone required 
Coke required 
Total extra solids charged 
Slag produced 
Total solids to handle 



2-0 

1-8 

17 

1-5 

4*12 

3-68 

3-47 

3*04 cwt. 

2-42 

2*20 

2-09 

1-86 „ 

6*54 

5-88 

5-56 

4-90 .. 

3*47 

3-20 

3-09 

2-82 „ 

lO-OI 

9'o8 

8-65 

7-?2 .. 


Lewis {Journ. West of Scot. Iron and Steel Inst., 1924-5, 33» 2) 
calculates the additional cost resulting from the presence of the ash- 
forming materials in a splint coal used for Scotch blast-furnace 
practice. Taking a standard limestone of composition : — 

CaO .... 54-32 per cent. 

CO2 . . . . 42-68 „ 

Impurities . . . 3*00 ,, 

the lime available as flux is 51-44 per cent., for 2-88 per cent, is 
required as flux for the impurities in the limestone itself. Assiifhmg 
that the coal contains 5 per cent, of ash 'and that the ash contains 
8 per cent, of lime, a portion of the ash is self-fluxing, and with a slag 
containing 49 j)er*cent. of lime, tlie amount of selLfluxing ash is — 

—-•X S X = 0-82 per cent, of the co^ 

100 49 ^ 
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The remaining mineral matter, amoimting to 4*18 per cent, of the coal, 
requires 


4-18 X 49 
(100 - 49) 


= 4*01 per cent, of lime, 


4*i 8 X 49 100 o X ir 1- X 

or ^ X = 7*8 i per cent, of limestone. 

From this calculation it follows that 7*81 cwt. of limestone are 
required to flux the i cwt. of ash in the coal (5 per cent.), and that the 
slag made from the coal ash alone amounts to 0*82 + 4*18 + 4*01 
= 9*01 per cent, (nearly 2 cwt. per ton of coal). Taking the estimate 
of Joseph and Read {Trans, Amer. Iron and Steel Inst., May, 1924) 
that every pound of slag requires over half a pound of coke to melt 
it, it follows that the slag from the coal ash requires 9*01 X i = 4*5 , 
per cent, of the coal for fusion purposes. 

The loss of carbon is not confined to the amount required to flux 
the coal ash, but a further quantity is required to flux the impurities 
in the extra limestone that must be added, and the solution of carbon 
in the carbon dioxide from the limestone causes an additional loss. 
Taking these losses into account, Lewis concludes that, for every 
I per cent, of ash in the coal above 5 per cent., the value of the coal is 
reduced by 9*4^^. per ton. Assuming this figure, and allowing for 
other extra expenses, the extra cost per ton of pig iron made is 
equivalent to an additional cost per ton of pig, as follows : — 


Per cent. Ash in Coal. 

5 • 

6 . 

7 • 

8 . 

9 • 

10 

11 

12 


Extra Cost, pence. 

16*83 

34*44 

. 52*90 

72*28 
92*62 
. 114*02 

. 136*56 


A number of similar calculations have been made. For example, 
Thau {Stahl und Eisen, 1922, 42, 1155 and 1242) states that the 
amounts of extra limestone required per ton of pig with varying 
ash contents of the coke are as follows : — 


Coke. Ash Content 
per cent. 

Coke required, 
kg. 

Limestone re- 
quired, kg. 

5.2 

1.134 

118 

8-5 

1,200 

176 

9-3 

1,21*9 

1:92 

0 y lo-o - 

1.235 

205*’ 

r 

V 


0 
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. He also gives the operating cost with these four cokes, and the 
extra cost of materials, limestone being valued at 300 mk. per ton 
and coke at 1,350 mk.^per ton. To convert the figures to English 
currency, an exchange rate of 1,200 mk. to the £ is assumed, making 
the cost of coke 22s. 6 d. per ton, and of limestone 5s. per ton. 

The savings effected by using coke with 5-2 per cent, of ash, 
instead of coke with 8-5, 9*3 or lo-o per cent., are as follows : — 


Coke. Ash Con- 
tent per cent. 

1 Saving in Cost (pence). 

Total . 
Saving per 
ton of pig. 

Coke. 

Limestone. 

1 

Operation. 

8-5 

17-8 

3-5 

7.9 

29*2 

9-3 

22*9 

4.4 

10*2 

37-6 

lO'O 

272 

5-3 

12*1 

44.6 


The saving is therefore about gd. for every i per cent, reduction 
in ash content. 

Calculations by French and Belgian authorities have been made 
recently by Deladriere {Rev, Untv, des Mines, 1921, 9, 93), Derclaye 
{Rev, Univ, des Mines, 1923, 18, 345), and Lilot {Rev, Univ, des 
Mines, 1926, 10, 39). 

Deladriere took a slag basicity of 17 and calculated that, for 
every kilogram of dry coke used, the heat lost in converting the ash 
in the coke into molten slag was 450 + 1237 (^7^ — per i per 
cent, ash, s and c being respectively the percentages of silica and lime 
in the ash of the coke. His calculation took into account the added 
amount of limestone used and of slag produced, the heat required to 
decompose the limestone, and the sensible heat of the carbon di4>xide ^ 
formed. 

If 25 cwt. of coke are required per ton of pig produced, and the 
coke ash contains 50 per cent, of silica and G per cent, of lime, the heat 
loss for every i per cent, of ash would be 

|45o + 1237 (17 X 50 — 6)|^ X 1,000 

= 122 X 10 ® cals, per ton of pig produced, 

taking 1,000 kg. as being equivalent approximately to i ton. This 
quantity is equal to the heat evolved by the combustion of aBout 
0*35 cwt. of coke. ! * 

Derclaye described a series^ of tests with cokes made from 
unwashed coaLand from coal washed to half its original ash content 
{demi-lavd), 'Die demi-lavd coke contained 10*5 per^ni. of a^. 
Derclaye's tests? extending over a period of five years, \pmpare me 
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effects of using coke containing 10*5 per cent, of ash with other 
qualities of coke, chiefly a mixture of clean coke containing 10*5 per 
cent, of ash and dirty coke containing 20 per cent. Some of the 
average results obtained over four years* working are given in 
Table 166. 


Table 166. — ^Blast-furnace Operation with Coke made from 
Washed and Unwashed Coals 



1st Year. 
J Washed 
^ Un- 
washed. 

2nd Year. 
a Washed 
iUn- 
washed. 

3rd Year. 
All 

Washed. 

4th Year. 
All 

Washed. 

Output per day (tons) 

131-5 

148-7 

148-9 

163-3 

Coke used per ton pig (kg.) . 

1,205-0 

1,075-5 

1,034*0 

968-6 

Total yield (per cent.) 

28-5 

28-3 

31-3 

32*1 

Temp, of blast (degree C.) . 

690 

847 

863 

882 

Pressure of blast (cm. mercury) . 

21 

18 

16-5 

16-5 

Temp, at furnace top (degree C.) 

89 

76 

63 

54 

Ratio CO 2 : CO 

0-72 

075 

0-76 

0-76 

Analysis of iron : Si (per cent.) . 

0-64 

0*54 

0-44 

0-42 

Mn. 

1-20 

1*30 

1-21 

1-22 

P 

1-90 

1-88 

1-85 

1-87 

s 

0-07 

0'06 

0-06 

0-05 

Analysis of slag : SiOg 

29-17 

28*85 

28-86 

28-80 

AI2O3 „ 

18-28 

i8*io 

18-67 

18-60 

CaO 

42-91 

43*10 

43-25 

43-20 

Basicity . . • . . 

1-59 

1-58 

1-60 

1-59 


In addition to an increased output, the coj^e consumption per 
ton of pig was reduced, the blast pressure was decreased, and the 
quality of iron was improved. The net gain in using coke made 
from washed coal, allowing for the cost of materials, cost of operation, 
wages, etc., was found to result in a decreased cost per ton of pig of 
2-09 fr. (pre-war rate of exchange), equivalent to is. 8 d. per ton of 
pig. The improved quality of the pig was considered to be worth 
I -So fr., or IS. ^d. per ton more than previously. The net gain is 
therefore 3s. id. for an ash reduction in the coke of 9*5 per cent. 

Lilot, taking account of the weight of slag produced, the loss of 
calorific value, the loss of manganese in the slag and the decreased 
outjput, calculates the loss of heating value resulting from the ash in 
blast-furnace* coke, and concludes that if a coke with an ash content 
of 9 per cent, is worth 130 fr. per ton, a coke containing 13 per cent, 
of ash is worth only ii6f fr., a decrease of approximately 2s. in the 
price for an increase of 4 per cent, in the ash content^ 

^ Evans cit.) describes two experiments made in British prac- 
tice to deffcjrmine the effect on output and fuel* consumption of 
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decreased ash in the coke, the furnace being operated so that (a) the 
silicon content of the iron was unimportant and (b) the iron made 
was of the highest possible quality. - The coke normally used con- 
tained approximately 12-5 per cent, of ash, 07 per cent, of sulphur 
and 82 to 84 per cent, of fixed carbon,"' and the coke consumption 
per ton of haematite iron was 24 cwt., with a burden of ore and lime- 
stone of 46 cwt. 

With a burden of 45 cwt., and coke containing 8-5 per cent, of ash, 
the furnace immediately began to drive faster, and to obtain the 
maximum output, the silicon content of the iron was allowed to fall 
from 2 to 0*93 per cent. The output was increased 30 per cent, and 
the coke consumption fell from 24 to 19-4 cwt. per ton. 

In the second test, the silicon content of the iron was maintained, 
and it was found to be easy to maintain 3 per cent, of silicon in the 
iron. The output of the furnace was simultaneously increased by 
12 per cent, (and later by 20 per cent.) with a drop in coke consump- 
tion of 07 cwt. per ton of pig. 

Evans, in a private communication, calculates the additional 
quantity of coke required because of an increase of i per cent, in its 
mineral matter content as 36*2 lb. per ton of pig. He assumes an 
ash content in the coke of 10 per cent., the ash containing 40 per cent, 
of silica, and a coke consumption of 2,400 lb. per ton of pig. The 
silica in the ash then amounts to cliarging into the furnace approxi- 
mately 100 lb. of silica. With a slag basicity of 1*5, each additional 
I per cent, of ash means 10 lb. of additional silica, or 28 lb. of extra 
slag. Assuming that i lb. of slag requires 0-227 carbon to melt 
it, the additional carbon required is 28 X 0-0227 == 6-4 lb. 

The coke, however, contains only 85 per cent, of carbon, or 
2,040 lb. of carbon per ton. The total carbon required is therefore 
2,046-4 lb. The carbon content of the coke is, however, reduced from 
85 to 84 per cent, because of the additional i per cent, of ash, and 
the total amount of coke required becomes • 

2,046 4 ^ ^ 2436-2 lb. 

For chemical reasons, therefore, an addition of i per cent, to the 
ash content of the coke increases the coke consumption by a mini- 
mum of 36 lb. per ton of iron. Evans further states : “ To this would 
have to be added the physical effects and, in practice, a reduction of 
4 per cent, of ash in the coke has been found to increase output and 
reduce fuel consumption far more than would be necessitated simply 
from the point of view of this calculation.” ^ 

In the same communication Evans ^considers empirically the 
effect of sulphur in coke. For every o-i per cent, of ^dditionSl 
sulphur in the coke, 2-4 lb. of sulj^ur are charged and 8-4 lb. of lime- 
stone is requijed 10 neutralise it. The 4-7 lb. of slag produced 
require only i-2 lb. of coke for smelting. % • 

On the othei^hand, if it be assumed that the Clevel^d slag con- 



6x8 


THE CLEANING OF COAL 


tent of I '5 per cent, of sulphur is a measure of the solubility of 
calcium sulphide in the slag, it follows that the amount of slag made 
must be increased when additional sulphur is charged, in order to 
maintain the same sulphur content of the slag. 

Normally, making 30 cwt. of slag per ton of pig, with a sulphur 
content of 1-5, the sulphur in the slag weighs i'5 x 30 x 112 = 
50-4 lb. The additional 2-4 lb. of sulphur makes a total of 52"8 lb., 
which requires 

X 100 = 3,520 lb. 

of slag, an increase of i6o lb., necessitating an extra charge of 40 lb. 
of coke. 

Evans suggests that the actual increased coke consumption 
because of sulphur in the coke, is probably mid-way between the 
amounts suggested by these two calculations. When the blast- 
furnace manager is dissatisfied with the slag, he increases the amount 
of limestone to restore the normal fracture. By so doing, the basicity 
of the slag is increased, and the slag therefore has a higher solubility 
for sulphur. By increasing the basicity, however, the volume of 
slag is increased and its melting-point is elevated, so that there is an 
increased fuel consumption. Increasing the basicity from 1-5 to i-6 
requires the addition of 180 lb. of limestone, which, for its fusion, 
requires 29 additional pounds of coke. 

The effect of varying ash in the coke has been investigated 
recently by the Consett Iron Co., Ltd., and the conclusions were 
published by Gill {Journ. Iron and Steel Inst., 1927). Gill found that 
the greatest trouble arose from fluctuations in the average ash 
content of the coke supplied to the furnaces. He also gives the 
results of two series of tests, made independently and at different 
times, in which coke of uniform ash content was supplied to the fur- 
nace^for periods of five weeks. The results are' given in Table 167. 


Table 167. — Effect of Varying Ash in Coke 


Test I. 


Period i. 

Period 2 

Average ash in coke (per cent.) .... 

12-15 

9.76 

A VQi'age weekly make of pig, (tons) 

3.311 

3.819 

Tonnage of No. 3 grade (tons) .... 

210 

134 

f'ercentag.e of No. 3 grade (per cent.) 

6-34 

351 

Average pressure of blast (lb. per sq.^in.) 

5 i 

4 f 

Percentage increase in make (per cent.) . . .* 

^ 

15-4 

Reductioi? in^^ oke consumption (cwt. per ton pig) . 

( 

I-O 
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Test 2. 


Period i. 


Period 2. 


Percentage ash in coke (per cent.) .... 12*5 

Average weekly make of pig (tons) . , . 950 

Percentage increase in make (per cent.) ... — 

Reduction in coke consumption (cwt. per ton pig) . — 


87 

1,190 

25-25 

176 


Averaging the results of these two tests, it is found that, for a 
I per cent, reduction in the ash content of the coke, the output of the 
furnace is increased by 6*4 per cent, in the first test and 67 per cent, 
in the second, whilst the coke consumption was reduced by 0-42 and 
0*47 cwt. per ton of pig respectively. Gill estimated that the saving 
in coke alone amounted to is. per ton of pig for a 3 per cent, reduc- 
tion in the ash content of the coke. Prof. H. Louis, in the dis- 
cussion on Gill's paper, stated that if other factors were taken into 
account the saving would amount to at least 2s. -^d. per ton of pig. 

Although there is some variation between the estimates of the 
authorities quoted, there is a fair agreement between the estimated 
reduction of the amounts of coke required with different percentages 
of ash. 


Authority. 

Extra Coke required 
for each Increase of 
the Ash Content by 

1 per cent. Cwt. per 
Ton of Pig. 

Range of Ash 
Contents per cent. 

• 

Thau ..... 

0-40 

5-10* 

Deladriere .... 

0-35 

5-12 

Gill 

0-45 

8-13 

Evans (a) . 

o-i8 

8-5-I2-5 

{b) ... . 

1-05 

8-5-I2-5 

{c) ... . 

0-35 

lO-II 


The three figures of Evans are : {a) When the quality of iron was 
improved, (6) when no attention was paid to the silicon content of 
the iron, and (c) calculated. 

If coke with 10 per cent, of ash has a value of 20s. per ton, th^ 
value of coke with only 3 per cent ^ of ash would, on these estimates, 
be worth over js. fliore per ton, irrespective of its-large additional 
worth in increasing the furnace output, decreasing ^e# amount 
of limestone to bfc added and of slag to be removed, ai\*generally 
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reducing the operating costs, whilst producing an iron of higher 
quality. It is quite possible that in actual operation a coke with an 
ash content of only 3 per cent, might be worth 7s. or 8s. more per 
ton than coke containing 10 or more per cent, of ash. 

THE COMMERCIAL VALUE OF COAL. PURCHASE 
ON CALORIFIC VALUE 

The statement that coal has a higher value to the consumer, the 
lower its ash content, may be accepted without reservation, but low 
ash content is not the only quality of a high-grade fuel. The 
principal factor governing the commercial value of a coal is its suit- 
ability for the consumer's purpose.' A coal which is an excellent coal 
for steam-raising in a Scotch boiler would have scarcely any value 
for the manufacture of blast-furnace coke, and a good coking coal 
is almost useless for the manufacture of water gas. But provided 
that a coal is suitable for a given purpose, it will fulfil that purpose 
more satisfactorily the lower its ash content. 

Apart from considerations of size, the principal factors which 
govern the suitability of a coal for any given purpose are its volatile 
matter content, its coking properties and the fusibility of its ash. 
These properties depend upon the chemical composition of the coal 
and of its inorganic constituents. In order to correlate the chemical 
composition of different coals with their observed behaviour on 
combustion or on submission to thermal decomposition (carbonisa- 
tion or gasification), various schemes for the classification of coals 
have been proposed from time to time. Those which are now 
regarded as having the greatest value either for scientific purposes 
or in connection with the industrial utilisation of the coal are Seyler's 
classification and Parr s classification. 

Seyler {Proc. S. Wales Inst, of Eng., 1900,, 21, 483 ; ibid,, 1901, 
22,ai2 ; Fuel, 1924, 3, 15, etc.) divides coals into genera according 
to their hydrogen contents, and each genus is divided into different 
species according to the carbon contents of the coals. The classifica- 
tion thus provided enables the properties of the coals to be predicted 
with remarkable success from their ultimate analyses. 

Parr's classification is based on the calorific values of the coals 
and their volatile matter contents, and the groups into which coals 
are found to fall when classified on this basis are found to correspond, 
roughly, with the groups in Seyler 's classification. Parr's classifica- 
tion followed upon the observation by Lord and Haas (Traws. Amer. 
In^t. Min. Eng., 1898, 27, 259) that coals from different parts of 
certain fields had the same calorific value when referred to a unit- 
’’coal " basis, results confirmed by numerous other workers in 
America, e.g,, Noyes {Journ. Amer. Chem. Soc.,, 1898, 20, 285), and 
in England by Drakeley {Trans, Inst. Min. Eng., 1518, 56, 45), who 
l^as shovm /.tat the calorific value of certain British coals may be 
expressed/ 
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C.V. = i47«(roo-J^) 

where A is the ash content on the dry basis, and by Whitaker (Tfans, 
Inst. Min. Eng., 1924, 67, 199), who has found that a similar formula 

C.V. = , 45(100-'^) 

is generally applicable to certain Nottinghamshire and Derbyshire 
coals. 

All schemes for the classification of coals depend upon the figures 
provided by the analysis of coals. In order that one coal may be 
compared with another, it is necessary to refer the results of analyses 
of each coal to some uniform fundamental standard, for no coal 
occurs in nature as a " pure substance, uncontaminated with other 
matter than the actual substance of the coal. 

For the purpose of the scientific classification of coals it is neces- 
sary to eliminate the effects of those ingredients of pit coal which 
are essentially extraneous to the pure coal substance, and for this 
purpose several formulae have been proposed. The most obvious 
ingredients whose effect must be eliminated are the ash and free 
moisture of the coal. But there are also other constituents of coal 
whose effect is undesirable if the coal is to be classified on a funda- 
mental basis, such, for example, as the sulphur present as pyrites and 
the carbon present as carbonate. Each of these ingredients either 
increases or lowers the observed calorific value of unit mass of the 
“ pure ** coal substance, or the carbon content determined by com- 
bustion. Each of these substances, moreover, undergoes a change 
in weight when the coal is burned, so that its effect cannot be 
eliminated simply by reference to the ash content of the coal. 
Similar^, the determination of the ash content of the coal makes no 
allowance for the “ water of constitution of the shale or hydnated 
salt that may be present in coal, the water being driven off on 
incineration. As yet there is no accepted standard whereby proper 
allowance can be made for these substances associated with the 
pure ” coal, and scientific classification is hampered by the lack of 
such an accepted standard. 

Standards have been proposed by Seylcr and by Parr as a means 
of expressing analytical results in such a form that they may be 
utilised for scientific classification. Seyler suggests that the results 
should be corrected to pure coal " by multiplication by the factor 

100 • 

ibo^^^=~(A+'WT^) 

where A, W and ^ are respectively the ash, moisture and sulphur 
contents of the^rude coal. Parr {Bull, 37, Univ. ol 111 . Eng. Expt. 
Stn., 1909), to calculate the calorific value of the coa^^fbposes ^ 
formula 
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B.Th.U. indicated — 5,000 S 
^ i-oo - (m + i-o8 A + g 

M, A and S, being the weights of moisture, ash and sulphur in unit 
mass of the coal. Parr thus makes allowance in his calculation for 
the heating value of the sulphur and for the presence of hydrate 
water in the ash (A being multiplied by i*o8 for this purpose). 

These formulae, or a compromise between them, or some other 
formula of the same type, are required as a basis for the purpose of 
determining the class or group into which the coals fall, and in order 
to indicate their suitability for a certain industrial use. But such 
formulae do not enable an estimate to be formed directly of the 
relative merits of two coals which, by classification, are both known 
to be of the same industrial class. Thus, if two coals fall into the 
true steam coal class, it is desirable to distinguish their relative values 
for steam-raising purposes. 

In order to draw this distinction, it has frequently been suggested 
that a determination of the lower calorific value of the coal is suffi- 
cient, and, in general, this is correct. Because they fall into the 
same class, the two coals will be composed more or less of the same 
unit ” coal, they will each contain approximately the same amount 
of volatile matter, each will have roughly the same ratio of carbon 
content to hydrogen content, and they will behave similarly on 
combustion or on thermal decomposition. The calorific value is 
therefore a guide to their potential usefulness, especially if they are 
required solely as sources of heat, for steam-raising purposes, for 
example. 

But supposing that the two coals do not fall into the same group 
in any system of classification, they may then be widely dissimilar 
in many properties. One may be an anthrapite and the other a 
sub*bituminous coal, and their commercial values for some one 
especial purpose will be widely different. Yet it is possible that, on 
account of differences in their ash contents, they will have the same 
indicated calorific value. Consequently, without some reliable 
indication of the position that a coal will occupy in, say, Seyler’s or 
Parr's classification, a mere statement of the calorific value of the coal 
may be valueless as an index of its commercial usefulness. The sale 
of coal by calorific value alone should therefore not be accepted as an 
infallible guide to its value. In order to establish its utility, it is 
necessary to state not only the calorific value, but also its ash con- 
tent, its moisture content and its volatile matter content. 

^ Moreover, though two coals may fall into the same group of a 
classification and may have identical calorific values, it is not certain 
that one will be of the same value as the other, because one may have 
a very fusible ash, the other an infusible ash ; oneejnay be a slack 
^fith a fei^ uniform distribution according to size, and the other 
may conf?in a preponderance of fines. 
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• At present, therefore, whilst the sale of coal on the basis of 
calorific value is to be welcomed as a step in the direction of the more 
scientific utilisation of fuel, it cannot be regarded as fulfilling entirely 
the demand for a numerical formula or basis to assess the absolute 
value of a coal. Moreover, useful as the calorific value may be as an 
indication of the number of available B.Th.U. per lb. of coal, it must 
be remembered that the determination of calorific values in the 
laboratory is not an easy determination to make and quite large 
errors may be introduced by reason of the human element. 

As a rule, it is sufficient to state the ash and moisture contents of .a 
coal. Provided that two coals fall into the same group of a classifica- 
tion, their ash and moisture contents are as good a guide to their 
relative merits as are their calorific values, and unless they fall into 
the same group of classification, the mere statement of their calorific 
values is of little importance for comparison. 



CHAPTER XXXIII 


THE ECONOMICS OF COAL CLEANING 

' It is doubtful whether there is a single industrial process depen- 
dent upon the combustion of coal which cannot be carried out with a 
clean coal more efficiently and at a lower operating cost than with 
a coal containing larger quantities of incombustible matter. Some 
of the advantages to be derived from clean coal have been con- 
sidered in Chapter XXXII., and the benefits of clean coal to the 
consumer make it desirable to supply him with the purest possible 
quality. It was, indeed, to lessen the consumer’s difficulties that 
coal cleaning was first introduced. 

* The producer, however, has a natural wish to sell the maximum 
amount of the material won at the pit face and brought to the 
surface as coal. It is seldom possible for the miner to work a seam 
without including in his winnings a quantity of dirt, some of which 
is loaded and sent to the surface, though some is sorted out from the 
coal underground and left in the goaf. In leaving the dirt in the 
pit, the producer may sustain a loss of coal, for it is impossible for 
the miner in the dim light of a minor’s lamp accurately to distinguish 
between coal and dirt. 

It is usually considered that, in Great Britain, over 90 per cent, of 
the possible extraction of coal is made,* and of the remainder little 
of the loss is avoidable, as it is mainly due to leaving unworkable 
pillars. Most of the loss which may be considered avoidable occurs 
in 9 buth Wales, where the small coal from certain seams is screened 
out by forking and returned to the goaf. It has been suggested 
that these smalls should be brought to bank and cleaned, but Hay 
(” Britain’s Fuel Problems,” London, 1927) calculates that this 
practice would mean a loss of at least seven shillings per ton of coal 
so treated. 

The removal of dirt from the raw coal brought to the surface (for 
which the costs of winning, loading, haulage and winding have 
already been incurred) '.involves the colliery company in the cost of 
picking and washing and in other incidental expenses. Moreover, 
dufing these processes, the saleable coal tends to be reduced in size 
and some of the output is rejected as refuse. The actual cost of 
production per ton of the marketable coal is increased in proportion 
as the amount of refuse removed from it is increased, and the market 

* In He IL^j.A. an average extraction of only 65 per cent, is made, and of the 

rtsidual matwal 19 per cent, is recoverable (** U.S. Coal Commisrion Report," Vol, III, 
p. 1841). /• 

6*4 
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vstlue of the coal is lowered because, at present, large coal commands 
a higher price than small coal. 

It is therefore inevitable that the producer should consider the 
optimum recovery of saleable coal of more importance than the 
marketing of the cleanest possible product. When relatively little 
coal is sold to a specification, it is in his interest not to remove from 
the coal such dirt as the buyer is willing to purchase. If the con- 
sumer is satisfied with coal containing 8 per cent, of ash, and will not 
pay more for a purer quality of coal, it is against the colliery com- 
pany's interest to supply him with coal containing 4 per cent, of ash 
(except that his customer is less likely to pay the same price for coal 
from another source). It is reasonable, therefore, that the colliery 
proprietor should look upon coal cleaning with disfavour except in 
so far as it enables him to obtain or retain markets which he would 
otherwise lose, and that, unless the consumer is prepared adequately 
to remunerate him, he should confine his washing operations to that 
minimum which permits of the sale of his coal. 

On the other hand, the consumer should be prepared to recognise 
that coal of low ash content is a more useful commodity than a coal 
of higher ash content. He should further lecognise that a very clean 
coal has a higher heat value and that its potential heat can be realised 
at a lower cost. This he does recognise, but only to a limited extent. 
He will, for example, buy the one of two coals which has the lower 
ash content of the two, provided that it will equally well suit his 
purpose and that the price is no higher. But few consumers will 
pay a shilling more per ton of coal because the cu d contains, say, 
3 per cent, less ash, although for many purposes a reduction of 3 per 
cent, in the ash content would increase the value by more than one 
shilling. It is not suggested that the consumer pays no attention 
to the relation between the ash content and the price of his coal, but 
in only rare cases doQS he realise to what extent it is to his advantage 
to be supplied with a low ash coal. * 

The cost to the producer of cleaning coal to a certain ash content 
is the sum of a number of contributory expenses and losses. In the 
first place, the cost of passing the raw coal through the washcry or 
cleaning process and the cost of maintaining the plant in running 
order must be met. To this must be added the interest on capital, 
depreciation, rates and insurance, and the cost of supervision (which 
includes a proportion of the salaries of the general manager of the 
colliery, the chief engineer and the chemist). Ihe colliery chemist 
is usually required to undertake control testing, and the cost of 
materials for this should also be debited against the washery. ^ 

Another, and important, consideration in assessing the^ cost o^ 
coal cleaning, is the possibility of troubles in the washery wliich may 
lead to irregular working and esp^ially to periodical stoppages. A 
serious stoppage may, in certain circumstances, lead to Ae complete 
stoppage of winding, for if the washery is out of action Yf^l^ere 
insufficient storage accommodation in the sidings, it ma^e useless 
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to bring coal to the surface which, without cleaning, has a reduced 
value. In this event, the sum to be debited against the washery is 
a serious item in the weekly or annual cost. 

By far the most serious cost, however, is the loss of some of the 
pit’s output in the form of refuse, and the loss of combustible matter 
in the refuse. With the most efficient washing, the refuse removed 
does not contain lOO per cent, of ash. The shale associated with the 
coal seldom contains more than about 8o per cent, of ash, with a 
further content of lo per cent, of combined water. Moreover, with 
practically all modern processes, it is impossible to prevent the 
passage of a certain quantity of useful coal into the refuse. The 
purest coal that can be prepared by washing is never entirely free 
from ash ; it always contains fixed ash by reason of the mineral 
matter more or less intimately mingled with the coal substance. 
Although coals are known in which the fixed ash in the coal sub- 
stance may be as low as 07 per cent., usually the figure is i to 3 per 
cent, for the bright portions of coal and somewhat higher for the 
dull hard portions. 

If the raw coal consisted of particles, some yielding no ash on 
incineration and others yielding 100 per cent, of ash, by the most 
efficient methods of cleaning, the ash content of the raw coal, x per 
cent., could be reduced toy per cent, in the washed coal by removing 

per cent, of its gross weight. But if the raw coal is 

100 ~ y 

made up of particles of coal each containing a per cent, of ash and 
particles of shale each containing b per cent, of ash, the minimum 

loss of output is — per cent. 

It is well known, of course, that pit-coal dqes not consist simply 
of ar number of individual particles with one given ash content and 
a number of other particles with another given ash content, but that 
it contains particles of more or less pure coal of specific gravity less 
than 1*35 and more or less pure dirt of specific gravity greater 
than 1-6. Between these two specific gravities is a proportion of 
middlings. This docs not, however, invalidate the calculation, 
because, in commercial coal cleaning, the control of the process is 
based (and the efficiency of operation is often calculated) upon the 
results of float-and-sink analyses. The operator knows that, if all 
the particles below a certain specific gravity pass into the clean coal, 
he^will obtain a satisfactory product, and that if all the particles of 
higher specific gravities pass into the refuse he is sustaining no loss 
^of sale^le or useful output. Just as it may be satisfactory to base 
the control of the washery on the results of float-and-sink tests at 
some one or more arbitrary specific gravity, so too, ^pr the purpose of 
{)ur cal< 5 ul^ion, it is permissible to regard the clean coal as a mass of 
particles'^^e floats) with a certain mean ash content. The refuse 
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tnay be regarded as another mass of different particles (the sinks), 
al$o with a mean ash content. 

In industrial practice, it is never possible to effect a sharp and 
complete separation between the particles comprising the floats 
and those comprising the sinks, and it is usual to consider that the 
washing is performed with a satisfactory over-all efficiency if the 
clean coal contains not more than 2 per cent, of sinks and the refuse 
contains not more than 2 per cent, of floats. 

A better way of expressing the efficiency of washing is by the ash 
contents of the washed coal and the refuse. Thus, if a float-and-sink 
test indicates that the coal can be divided into two fractions, one 
including A particles with a mean ash content of a per cent., and the 
other, B particles with a mean ash content of b per cent., it may be 
decided so to wash the coal that, as far as possible, the A particles 
with a per cent, of ash arc collected as clean coal, and the remaining 
B particles are rejected. The limitations imposed by inaccuracies of 
operation on the commercial scale, however, prevent the maximum 
efficiency from being obtained, and, under average conditions, the 
washing is as nearly perfect as circumstances permit if the fractions 
obtained by washing contain : clean coal, a + 0*5 per cent, of ash ; 
and refuse, 6 — 3 per cent, of ash. Thus the clean coal may be 
expected to contain 0*3 per cent, of ash more than the theoretical 
minimum, and the refuse 3 per cent, of ash less than the theoretical 
maximum. 

The loss of output sustained is then 

100 {x ~ y — 0-5) 
b -y “~3^ ' 

or, in the case we have cited, where y = a, the minimum practicable 
loss is 

100 {x — a — 0*5) 
h^~a- 3 ^ “ ' 

X being, as before, the ash content of the raw coal. 

This may be illustrated by an example. The float-and-sink 
analysis of a Welsh coal is given in Table 168. 


Table 168. — Float-and-Sink Analysis. Welsh Coal 


S.G. 

Per cent, of 
Total. 

<1-35 

64-3 

I -35-1 -4 

8-6 

1-4 -1-5 

, 6-0 

1*5 -1-6 • 

3-2 

>1-6 , 

17-9 


Per cent. Ash 

Cumulative 
Ash Content of 

in Fraction. 

Float per cent. 

3-8 ' 

3-8 

9-8 

4-5 

.157 

5-3. 

37*5 

. 6*6 - 

65-1 

• 

17-0 1 


Ash Content of 
Total Sink per 
cent. 


.41-0 



50-9 

6o’9 

65-1 


s s a 
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If it were desired to collect all the coal lighter than a specifib 
gravity of 1*35, the optimum products would be 64*3 per cent, ^ of 
clean coal containing 3*8 per cent, of ash and 35*7 per cent, of refuse 
containing 41 *0 per cent, of ash. In practice, the washery could be 
regarded as performing its duty with a reasonable efficiency if the 
clean coal contained 4*3 per cent, of ash and the refuse 38*0 per cent. 
In these circumstances, the loss of output would be 


100 (17-0 - 4-3) 
41.0-3.8-3.5 


377 per cent. 


as compared with a theoretical amount of 41*0. 

Similarly, if it were desired to recover all the coal of specific 
gravity less than 1*5, the products, with satisfactory operation, would 
be : Clean coal containing 5*3 + 0*5 = 5*8 per cent, of ash, and 
refuse containing 60*9 — 3*0 = 57*9 per cent, of ash, and the loss of 
output would be 

100 (17-0 - 5-8) ^ 

60-9 — 5.3 — 3-5 ^ 


against a theoretical minimum loss of 21 -i. 

This formula for minimum output loss with a reasonable margin 
for inaccuracies of operation, enables a calculation to be made of the 
minimum amount by which the consumer must reimburse the pro- 
ducer if he wishes to be supplied with a cleaner coal. If the pit- 
head price of the coal is P shillings per ton, and the cost of putting 
I ton of coal through the washery is Q shillings, the cost to the pro- 
ducer per ton of wa.shed coal is 

^ ^ ' shillings, 

or, e^^pressed in words, 

I (Pithead cost of coal) + (cost of washing) |- 


( (Ash content of sinks) — (ash content of floats ~ 3*5) ) 

( (Ash content of sinks) — (ash content of raw coal) — 3/ 

This value will vary with the nature of the coal and with the 
extent to which the ash content of the coal is reduced. The value 
given by this formula is, however, a useful basis upon which the pro- 
ducer could negotiate with the consumer, the producer offering the 
confumer a cleaner coal if he is prepared to offer him a correspond- 
iFgly enhanced price. 

The tfse of the formula necessitates a knowledge of the float-and- 
sink analysis of the coal. Considering a coal with the analysis given 
in Table 16& and taking the pithead cost of the roal (excluding 
washing) *4^5. (>d. per ton and the overall cost of w/ishing as 6 d. per 
ton of thr^ghput, making the cost, of the products delivered from 
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the washery los. per ton, the producer could offer the consumer any 
of a variety of qualities of coal at given prices, the proceeds of the sale 
of the clean coal amounting to los. for every ton put into the washery. 
The qualities and prices are given in Table 169. 


Table 169. — Cost of Production of Different 
Qualities of Clean Coal 


Ash Content of 

Loss of 

Cost of 

Washed Coal 

Output 

Production 

per cent. 

per cent. 

.9. d. 

4-3 

377 

16 0 

5-0 

28-0 

13 10 

5-8 

21-5 

12 8 

7-1 

18-3 

12 3 

1 


The calculation is as follows : For separation at S.G. 1*35, 
^ = 3*8 (Table 168, col. 4), and the washed coal may be expected 
to contain 3*8 + 0-5 = 4-3 per cent, of ash. In these circumstances, 
6 = 4i‘0 (Table 168, col. 5), and x = 17*0 (the ash content of the raw 
coal). The cost of the washed coal is therefore : 


10 (41-0 ~ 3*8 — 3*5) ^ 

~ z ^ = i6-o shillings. 

41*0 ~ 17-0 — 3 


Similarly, for separation at S.G. 1-4, a = 4*5, b = 50*9, and x = 
17-0, the washed coal containing 4-5 + 0-5 = 5-0 per cent, of ash. 

The increased cost for the purest qualities of this ^vashed coal is 
high, because it contains nearly 20 per cent, of “ pure ** dirt and has 
a high proportion of middlings. It is also, for the latter BeasoifT 
fairly difficult to wash, but the majority of well-recognised modern 
washeries could produce any of the stated qualities of washed coal 
from it by adjusting the settings of the washer. The best washers 
are all designed so that a variety of products can be prepared accord- 
•ing to the demands of the market. 

With a coal containing a lower proportion of dirt and of 
middlings, the cost of producing washed coal is not so widely different 
from the cost of the coal delivered to the washer. The difference 
may be shown by considering the Lancashire coal with the float and 
sink analysis given in Table 170. ^ 

This is a very good coal, containiug scarcely any middlings 
particles and therefore very easy to wash. It should not J)e diffiAilt 
to attain an efficiency greater than the standard suggested for 
average goo(Lwa%hing practice. Except for some very special pur- 
pose, the co^ would only be washed to make a cf!t a# a specific 
gravity of i*6. But applying the formula for loss of out]^ and cost of 
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Maintenance ...... 1*074^, 

Operation 1*433^. 

making a total of 2*51^?. exclusive of interest on capital, manage- 
ment, etc. 

Appleyard {Trans, Inst. Min. Eng., 1927, 73, 404) gives the costs 
of operation of the Wardley dry-cleaning plant, in which 6 S.J. 
pneumatic separators are used to clean 125 tons per hour of coal 
from 2 in. to o, the coal being sized into fractions : 2 to i in., i to 
\ in., I to J in., \ to J in., ^ to in. The coal below ^ in. is by- 
passed without treatment. Taking an average over five months' 
operation, the operating and maintenance costs total 2*93^. per ton 
of raw coal. 

The cost of operating a South Yorkshire Baum washery of 75 
tons per hour capacity, with one wash-box and no provision for 
rewashing the small coal, has been found to be as follows : — 

Pence per ton 
of Raw Coal. 

Wages. Operation . . . *3*09 

,, Maintenance . . , . i‘03 

Renewals and stores . . . • i*53 


5*65 

On a 100 ton per hour plant elsewhere, the figures are stated 
to be : — 

Pence per ton 
of Raw Coal. 

Wages . . . . . . .170 

Power and lighting .... 0-65 
Maintenance ..... 075 


3-10 


For this washer, the cost of renewals is given as l od. per ton. 
These figures are exclusive of interest on capital, depreciation 
and insurance. 

The costs for operation and maintenance of these four types of 
washer may therefore be compared, each having a capacity of 100 to 
150 tons per hour. 


Pence per ton 
of Raw Coal 


2-51 

2-68 

-' 2-93 

3*10 


‘Blackett 

‘Rheolaveur 

S.J. pneumatic tables 

iBau'.n 
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* In 63 .ch ca.S 6 the cost is well under /[d, per ton. 

V.* ^niparison, the capital costs of coal cleaning are relatively 
high. The capital cost may be expressed in pounds per ton of 
capacity, and if the cost is £100 per ton per hour (or a total 
£^2,500 for a plant to treat 125 tons per hour) the capital expendi- 
ture is 8rf. per ton of coal cleaned per annum (assuming a ten-hour 
washing day and washing on 300 days per annum). Allowing for 
interest at 10 per cent, and capital redemption in 15 years by a fund 
carrying 3J per cent, interest, the capital charge is T2id. per ton 
of coal treated. 

The capital cost of modern cleaning processes lies, usualfy, 
between £100 and £2^0 per ton of coal washed per hour, so that 
capital charges may vary from to 3*02^^. per ton treated. 

Allowing o-5^^- per ton washed for insurance, management, rates, 
taxes, depreciation, etc., the general charges will range from Tyid, 
to 3'52rf, per ton of raw coal. 

CONCLUSION. 

In Chapter XXXII, the question of coal cleaning as it affects the 
consumer of coal was examined, and in this chapter the subject has 
been regarded from the producer's aspect. In some respects the 
convenience of having coal with the minimum amount of ash is 
recognised by the consumer, but it is not sufficiently well recognised 
that the advantage is a financial advantage and not only a question 
of convenience. 

The advantages appear to be greatest perhaps in the use of 
metallurgical coke for blast-furnace operation, but that may be largely 
due to the fact that the cost of operation of a blast furnace is usually 
carefully determined and examined, and possible ecom mies suggest 
themselves more easily than in circumstances where no such careful 
fuel costing is practised. • • 

To the producer, coal cleaning is a source of expense, both in 
capital outlay, operating cost and loss of output, but it is frequently 
a necessary expense in order that the coal may be sold against com- 
petitors. At other collieries it is a profitable expense, because it 
Enables the coal to be sold for a considerably higher price. 

We have endeavoured to show, with a number of examples, the 
extent to which the cost of producing clean coal is influenced by the 
loss of output sustained. The examples {vide Tables 168 to 172) 
showed that the economics of coal cleaning is a subject for separate 
study at each individual colliery ; that it depends considerably more 
upon the nature of the coal than upon tjic nature of the waslfer or 
upon the cost of washing. • • 

One especial point is brought out by these examples, which is of 
considerable importance when considered in connection with the 
present condifton of the British export coal trade. •Tak^n by and 
large, British cOals are easier to wash than ContinenVU coals. ^If, 
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therefore, a demand for very clean coal could be created on the 
Continent, the British producer would have an advantage over his 
Continental competitors. If the costs of bringing the coal to the 
pithead were, British coal x shillings, and Continental coal \x 
shillings, it is a practical possibility that the production of coal con- 
taining, say, 3 or 4 per cent, of ash would, taking into account the 
loss of output involved in washing, cost the British producer no more, 
and in very many cases less, than the cost to his Continental com- 
petitor. It is no idle statement, therefore, that the salvation of the 
British export coal trade may lie in the cleaning of coal. 



APPENDIX I 


The most important property of a coal from the point of view 
of coal cleaning is its distribution according to specific gravity and 
size. We have collected a large number of results of float and sinl^ 
tests on sized samples of coal from various parts of the world, and 
a number of these results are given in the following tables. The 
majority of the results are for British coals, and because of the 
difficulty of obtaining reliable and representative results from all 
the coal-producing States of America, we have not included any 
results for American coals. 
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Per cent, by weight and per cent, ash in fractions at different specific gravities. 
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Per cent, by weight and per cent, ash in fractions at different specific gravities. 
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Per cent, by weight and per cent, ash in fractions at different specific gravities. 
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342 

stationary devices, 331 
All juessures in jig washer, 1O5 
st‘])aratoi s. See di y-cleaning processes, 
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Clarkson-Stansfield sepurator, 375 


674 



SUBJECT INDEX 


Classifier, upward current. 75, 118, i8i 
hindered settling, 75, 211 
Jidvantages of, 212 
C iassifier, vortex (Richards), 210 
( lean Coal Co.'s process, 303 
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Conklin process, 390 
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hysteresis of, 408 

Continental coals, results of float and 
.sink tests, (»53 
t'ontrol, washeiv, 5O7 
by washery man. 307 
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filters, suction and pussnii', 483 
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MiiieraJs Separation nxess, 3(^7 
l<h(*ola V ('ll! device. 170 
.sens'ns, 483, 302 
th<‘()i\' of, 470 
i>iflerential flotatum. ; lO 
welling, 408 
Diit . fised, j , o 
free, 1 , 
partings, 7 

i>oinifij(>n coals, i ('suits of float and ank 
tests, 00 3 
I)('jr washer, 187 
1 >orr clarifier, 3 1 4 
classifier, 391, 313 
thickener, 314 
Dorrto filter, 488 

lubber diaphragm pump, 313 
Drag screen, 544 
1 fra mage conveyor, fkuim, 18 r 
elevator, 147 
forced, 471 
hoppers, 47O 
natural, 475 

Diakeley's efficiency formula . 58(> 

Draper washer, ^o, 123, 200 
l)ry elcaning, mivafitagei^of, 327 
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Dry cleaning processes — contd. 

Arms, 356 
. Berrisford, 372 
Birtley, 343 
C.J., 342 
Card, 335 

Dry Coal Cleaning Co.’s, 374 
Etna, 374 

Frazer and Yancey (air-sand), 


340 

, Hochstraate, 338 
Kirkup, 335 
Kromi 332 
iniscellaneoiis, 363 
Mumford and Moociie, 338 
Paddock, 334 
Peale-Davis, 358 
Plumb, 333 
Raw, 361 
S J. 343. f> 3 ^ 

spiral separator, 307 
Sutton-Steele, 342 
340 

Dry Coal Cleaning Co.’s process, 374 
Dryer, Buttner, 50.J 
Edgar Allen, 502 
n. H.. 504 

Lopulco, 505 
Pchrson, 504 
Rhineland, 503 
Ruggles-Colcs, 485, 502 
Dryers, centrifugal. 491 
direct heat, 502 

comparison with centrifuges. 503 
Durain, 3, 9 

ash content of, 10 
melting-point of, 22 
specific gravity of, 31 
Dust extraction, 318, 362 
screens, 145, 362 


E conomics of eoal cleaning, 
024 

Eody currents, 73, 202 
Edgar Allen dryer, 302 
Efficiency formuhe, Chapman and Mott, 
502, 3<)0 
Drakeley, 586 
Frazer and Yancey, 388 
Ekof (Grondal) froth flotation proce.ss. 
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Electro-Osmose flotation process, 434 
Elevators, 322 
buckets, 522 

bucket-emptying device, 52() 
capacity of, 523 
drainage, 147 
, formulae for, 323 
Elliott troug};! washer, 123, 231 
Elmoce rentrfiiige, 491 
jig washer, ‘1 74 
froth-flotation process, 435 
Endless belt washers^ 21*4 
Equal -falling particles, 54 
Etna’^eparator, 374 * 


F eeding devices in washeries, 5*0 
Feldspar bed, 94, 109, m. 115. lib 
shape of, 1 15 
Ferraris screen, 553 
Film flotation, 398, 412 
Films, stability of, 410 
Filter, American, 488 
Dorreo, 488 
Oliver, 430, 485, 486 
Plan, 489 
Portland, 488 
press, 490 

suction and pressure, 4A5 
Wolf. 488 
Zenith, 488 
Filtros plates, 340 
Fixed sieve jig, 100 
Flimby trough washer, 225 
Float and sink tests, analysis, 25^ 
interpretation of results, 40 
liquids to give required specihc 
gravities, 26 
methods, 25, 28 
quantity of coal to use, 27 
results of, 636. See Appendix I., 
sizes of coal for testing, 26 
use of, 31 * 

Flocculation, 407, 518 
Flotation, froth. 5 ^^? Frotli Flotation. 
Conklin process, 390 
sand, Chance process, 370, 378 
Forced drainage, 471 
Fracture of coal, 13, 372, 404, 518, 3p5 
Frames, 94 

Frazer and Yancey dry cleaning process, 
393 

efficiency formula, 588 
Free settling, 51, 211 
Friction between particles, 84 
coefficient of. 3G5 

separation by differences in, 3^)3 
Frongoch classifier, 185 
Froth flotation, differential, 41G 
general considerations, 412 
historical development of, 3()5 
oil u.sed in, 413 
overcrowding in, 414 
jirocesses. Callow, 433 
Coppee, 434 
Ekof (Grondal), 432 
Electro-Osmose, 434 
Elmore, 435 
Humboldt, 433 
Ivleinbentinck, 430 
Minerals Separation, 429 
Trent, 35, 455 
results of cleaning bv, 419 
size analy.sis in, 424 
theory of, 398 

Froth stabilising agents, 413 
Frothing agents, 413. 414 
Frue vanner, 285 
Fiftain, 3, 4 

ash content of, 10 
melting-point of, 22 
phosphorus in, 18 
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G reaves washer, 124, 157, 439 

Green and Bell trough washer, 
226 

Grizzly, 544 

Grhppel jig washer, 122, 172 

H .H. concentrating Table, 

314 

dryer, 504 

Hand picking, 24, 541 
Hargreaves clarifier, 193, 198 
Hartwig vanner, 283 
Hartz jig, 108, 113 ' 

Haync's experiments, 3c>5 
Henry tube method of deteiniming 
w.ish ability, 47 
trough washer, 90 
Henry's law, 91 
theoi^ of coal washing, 88 
Hindered settling, 90, 21 1 
classifier, 211 

Historical development of coal cleaning, 
94 

Hochstraate dry cleaning process, 338 
Hooper-Paddock jig, 334 
Hoppers, drainage, 47() 

Norwood process, 415 
Howatt jig, 172 
Hoyle centrifuge, 494 
jian-ash separator, 4O1 
screen, 559 
washer, 440 

Humboldt flotation process. 433 
Jig washer, 121, 139 

number erected , 12;, 128 
Hummer screen, 560 
Hydro separator, Menzies, 344 
Hj’drotator, 44G 

I .M.M standard screen sizes, 5()3, 31) j 
Impact screen, 359 
Impurities in raw coal, j 
specific gravity of, 3C) 

Intcrfacial tension, 39^*^, 303 

J AMES concentrating table, 321} 

Jig- Washers, Jig, Pneumatic 

Jigs. 

• cross, 122, 171, 172 

downward current in, bannfiil ellect 
of, Gi, 68 

flow, 122, I7T , 172 

movable-sieve, 176 
pan-ash separator, 4G5 
upward current, etlect of. 

Jigging screens, 552 

K arl IK screen, 350 
Kirkup process, 335 
Kleinbentinck froth flotation pro- 
cess, 430 ^ • 

Knee-lever melanism, iio. 142, 143 
Krom pneumatic jig, 33- 
Kyoekisha jig, 


E S, Henry’s, 91 

of eddying resistance, 87 
of viscous resistance, 87 
Rittinger’s, 50 
Stoke’s, 77 
Leahy screen, 560 
Lcqueux washer, 452 
Like-falling particles, 54 
Lodge trough washer, 230 
Longrigg trough w'ashcr, 231 
Lopuleo dryer, 503 
Liihrig, 109, 1 17 ^ 

washer, 109, 112, 115, 121 
number erected, 123, 128 

M ACKW^ORTH washer, iiS, 18G 
McLcllan trough washer, 229 
Malecot w^ashcr, 430 
Marcus gear, 443 
Marsaut jig, loG, 107 
Massco concentrating table, 29() 
Mechanical stokers, clean coal for, G03 
Meguin jig, 174 
Menzies hydro-separator. 444 
Middlings, 30, 33 
Mineral matter in coal. See Ash. 
Minerals Separation flotation process, 
4-29 

Montgumerv jig, 180 
Motion of particles, experimental in- 
vestigation of, 87 
in downward currents, 34, Gi, G8 
in still liquids, 31, 66 
in upward curron+s, 54. 56, 67 
on inclined plane, 55 215 
Moto-vibro screen, 339 
Movable sieve jigs, 100, 17G 
Miilti-lavcur washer, 453 
Muinford and Moodic ap»^aratiis, 338 
Murton trough washei, 214, 241 

N A'ITJK.VJ. drainage, 473 
Newaygo screen, 360 
Notanos washer, 443 
j>an-ash .separator, 461 

O LIVER filter, 430, 483 .pSf) 

Ore dressing, 94 
OvcTStrom sciecn, ‘'/>j 
Universal concentrating table, 31 | 

P ADIXJCK pneumatic jig, 334 
Pan-ash separators, 4 Go 
Pape Henneberg separator, 375 
I ’articles, density of, 30 
equal-falling, 54 
motion" of. See motion, 
influence of .shape, 85, 219 
size, 83 ^ 

size forming slimes, 78 
Partings, dirt, 7 
Pcalc-Davis labltt, 358 
l^hrson dryci, 504 * 

Pctherick jig, 97 
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Phosphorus in coal, 17 
Picking belts, 541 
Pittsburgh jig, 177 
Plan^lter, 489 
Plants, ash content of, 0 
Plumb pneumatic jig. 333 
l*neumatic jigs, 

Kirkup, 335 
Krom, 3 3 ’ 

Paddock, 33.1 
Plumb, 333 
separators, 34 j 
. air requirements, 33f) 

Arms, 350 
• C' J.. 342 

Half- Wye, 35 j 
miscellaneous, 31)3 
Peale-l)a\ is, 35S 
Raw, 361 
S.J.. 343 
Siijtton Steele and Steeli', j.jj 

Wj’-p, 349 

J’rcssLirc piling, 470 
lYocess, washing, choice of, 32 
Jhdverised fuel firing, advanttiges of 
clean coal for, (>03 
Ihimps, centrifugal. 533 

Don'co rubber diaphragm, 515 
Purification of slurry, 275, 323 


R AMSA^' clarifiei , i <> | 

Ranwez washer, .^55 
Ratio bulk, 377 
equal falling, 34, 332 
Raw process, 361 

R<'ciprocating devices using air turients, 
34-2 

J<ccord concentrating table. 320 
Reeves’ gear, 358 
Retriever pan-ash sepaiatoi, 4(>-j 
Revolving screens, trommel, 139. 545 
Rhco]a\'eur washer, 33, 123, 2i-|, 308, (>31 
• cinder washer, 4(12 
dewatering device, 479 
fine coal washer, 250, 259 
general principles, 221, 24s 
historical development, 231 
number erected. 125, 128 
nut coal washer, 249, 2O7 
slurry w^asher, 273 
Rhineland dryer, 303 
Rhone washers, 225 
Richards’ jig, 179 
^'o^lex classifier, 210 
Riffles, 293, 295. 300, 30O, 315, 3,jj 
pool, 300, 310 
Riffling, 322, 323 

l^ittin^r's concentrating table, 292 
theory, 56* 69 
Sctzpimipc, 178 

Robinson washer, 118, 122, 190, 4O2 
Roof shale, analysis of,‘9 
Rotary filters^ 480 * 

RufJ^les-Coles dryer, 485^ 502 


S . J. separator, 343, 632 

Sale of coal, conventional British 
practice, 667 
Salt in coal, 19 
distribution of, 20 
in washery water, 509, 510 
Salzburg table, 288 
Samplers, mechanical, 583 
Sampling coal, 576 

vSand-flotation proce.ss, Cliancc, 79, 13O, 
37« 

Scaifo trough washer, 229 
Sclimidt screen, 349 
Schuchtennann and Krcnicr jig washer, 
116, J2 r 

Scoop wheel, Taihrig, 1 13 
Screening, 53O 

limits of. 83, 341, 347, 518 
Screens, 536, 540 
Bernsford, 362 
dewatering, 483, 3^2 
distinctionlH'twecnpitand washery, 53(8 
<lrag. 54^ 

Perraris, 553 
gravity, 312 
bars foi, 3.J3 
moving bar, 5.J3 
Jigging, 277, 552 

hanger supports for, 353 
Marcus, 557 
I’arnsh, 556 
plates foi , 558 
roller supports for, 531, 53(» 
revolving for trommel), 139. 5.J5 
ronical-shajx'd, 5j8 
disadvantages of, 3,|8 
multiple jacket. 549 
late ot ri'volutu)!!. 317 
Schmidt, 349 
r K . 330 

size, standards, 50^, ^()\ 
vibrating, Aims, 3O1 
Ruzza, 339 
for dewatering, 3O2 
Hoyle. 559 
TIummer, 3O0 
Impact, 559 
Karlik, 339 
l^eahy, 5O0 
Molovibro, 33(> 

Overstrom, 5()i 
Seat earth, 7, 8 
Separation, arcehualion rif, 8j 

bv dilterences in coedicient of tin tion, 

centrifugal, 375 
S(4>arators, centrifugal, 373 
magnetic. 4r)() 
pan-ash, 4O0 
('olumbus. 493 
Hoyle, 461 

•- Notanos, 4 hi e 
Retriever, 464 
Rhcolaveur, 4(72 
tdlrich, ,^95 
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Settling, hindered, 74, 21 1 
tanks, 147, J93, 194^ 198, 161, 292. 514 
^etzpumpe. Rittinger, 178 
Shaking belt, 285 
screen, 552 
table, 287 

Sheppard jig washer, 109, 110 
Side-jcrk table, 286, 287 
Sievers' jig washer, loO, i3<i, 142 
Sieves, standard sizes, 564 
Simplex centrifuge, 500 
Size, nomenclature, 536 
of particles forming slimes, 78 
ratio for equal-falling, 54 
Sizing. See Screening. 

before washing, 73, 121, 153. 105 
Slack, nomenclature, 53!) 

sampling of, 580 
Slimes, 324 
ash in, 513 
formation of, y(> 
size ol particles foiiiiiiig, 78 
325 

purilication of, 275, 3 18, 3 ; 5, 17, 42 1, 
425. 44 ^ 

Solids sitspendod in washery water. 70, 

51-i 

Spavin, 7 

Spccilic gravilie.s, lujuids to give re- 
quiicd, 26 
oi coal, 29, 31 
ol impurities in coal, 30 
Sjjjral separatois, 307 
Spilzkasten, 108, 115, 147, 182, 3'/' 
SpiizluUe, 182, 184 
Standaid screen sizes, 303, 5O4 
Stationary devices using air currents, 331 
Stewart jig wa.slier, 122, 170 
Stewart-W'aldie washer, t8; 

Stokes' law, 77 
Straki's, 94 

Stratification by alluviation, 213, 218 
Stiitz jig washer, 122 
Sulphur in coal, 14 * 

removal of. by washing, rfi, 410 
Surface energy, 409 

equipment of colliery, 538 
tension, 403 

definition of, 401 

Sutton Steele and Steele table, 342 

T ables, concentrating. Sec Con- 
centrating tables, 
dry cleaning. See Dry cleaning, 
pneumatic. Sec Pneumatic. 

Tanks, settling, 147. ^*> 3 . 

292, 5T4 

'L'ension, interfacial, 398, 403 
surface, definition ol, 401 
'rests, practical results of, 40 
Theory of alluviation, 213 
froth flotation, 398 
w'ashing, generaj^ 50, O9 
dewaterinj, 470 
Henry's, ft 

Rittinger 's, flo, 6y, 108 


Thickener, Dorr, 514 
Tipplers, 539 
Trent process, 35, 455 
Trials, washery, 25 
Trommel screens, 139, 345 
'f'rough wasliers. See Washers, trough. 
Tyler standard screen sizes, 5O4 
'Pypes of coal exported from Great 
Britain, (>70 

U LLRICH magnetic separato^ 465 
Vpward curn'iit washers. n8, 1^1 
See nlao WasheiTS, upward 
current. • 


V .VNNERS, 285 
h'rue, 285 
Hartwig, 2S3 
nnseellaiieoiis, 28(> 

Velocity of particles, tenninal, 53, 81 , 82, 
88 

ex pen men ts on, 87 
Vezin sampler. 5S3 
\"ibratiiig .screens, 358, 3(>2 
N'ltiain, 3, 9 
ash content of, 10 
melting point of. 22 
phosphorus 111, 18 
Vortex currents, 74, 202 
classifier, Richards, 210 

W ASH boxes. See Jig Washers, 
diniensi(;.ia ol, 103, 103, 113, 
14.S, i5(>, 1O5 
feldspar, 1 1.) 

Washability curves, 43 
Henry tube method, 47 
X-iay examination, 4? 

Washers, air pressures in, 103 
bash, 105, 19O, 231 
Baum, 119, 153 » ^32 
Coppde, 117, 157, 158, 160 
Greaves, 157, 138 
Norton's (J'ivKlale), 157, 1O7 
Shciwood Jiunter, 157, t66 ^ 
Simon-Carvc.s', 1571 J58 
Chance, 79, 136, 378 
Columbus. 465 
Delcuvcllcrie, 452 
endless belt, 214 
Brunton, 241, 282 
Rhuin, 28 j 

Greaves, 124, 157, 439 
Henry's endless trougti, <>o 
Hoyle, 440, 461 
Hydrotator, 446 
in Belgium, 128, 129 
in China, 133 
in France, 128, 129 
in Germany, 128, 130 
in Great Britain, 125 
in Japan, 133 • 

*in U.S.A., 128, I 
jigs, Barop, 116 
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Washers, jigs, Baum, 33, 1 19, 153, 508, 632 
Bdrard, loi, 122 
Copp^e, 116, 121, 122, 155, 171 
distinction between cross and flow, 
122, 171, 172 
Elmore, 174 
Grdppel, 122, 172 
Hartz, 108, 1 13 
' Howatt, 172 
Humboldt, 122, 139 
(.Luhrig, 109, 1 12, 115. I2T, 122 
Marsaut, 106, 107 
Meguin, 174 
miscellaneous, 170, 180 
Montgomery, 180 
number erected, 125, 127, 128 
Petherick, 97 
Pittsburgh, 177 
Richards, 179 

Schuchtermann and Krciner, 116, 
121 

Sheppard, 109, no 
Sievers, 106, 139, 142 
Stewart, 122, 17O 
Stutz, 122 
Lequeux, 452 
Malecot, 450 

Menzies hydroseparator, 444 
Multilaveur, 455 
Notanos, 443, 461 
Retriever, 464 

Rheol|i,veur, 33, 123, 125, 128, 214, 
245, 508, 631 
cinder, 462 
fine coal, 259 
nut coal, 267 
slurry, 275 
rhone, 225 
Trent. 35. 455 

trough, 94, 125, 128, 214, 222, 245 
Bangert, 251 
Bell and Kirby, 229 
Bell and Ramsay, 227 
^ Blackett, 132, 214, 236, 631 
EUiott, 123, 231 
Flimby, 225 
Green and Bell, 226 
Lodge, 230 
Longrigg, 231 
McLellan, 229 
Murton, 214, 241 
Scaife, 229 
Wunderlich, 227 

upward current, 118, 125, 12*8, j8i 
Draper, 59, 123, 200 


Washers, upward current, D6r, 187 ^ 
Mackworth, 118, 186 
Robinson, 118, 122, 190, 462 
Stewart'Waldie, 187 
Washery control, 567 
by man, 567 
efficiency, 586 
tests, daily, 570 
trials, 25 

water. See Water. 

Washing, in dirty water, 79 
medium, influence of, 79 
process, choice of, 32 
sizing before, 73, 12 1, 153 
theory of, 50, 69, 88, 108, 213, 398 
tubes (Draper), 200, 201 
Water clarification, 514 
clarifier, 193, 194, 514 
consumption of, in washeries, 123 
washery, 508 
acid in, 51 1 
analysis of, 509 
clarification of, 514 
dissolved salts in, 509, 510 
effect of sulphuric acid in. on cast 
iron, 51 1 

specific gravity of, 513 
supply of, 509 
suspended solids in, 79, 512 
washing, effect of, in washed coal, 327 
Wendell centrifuge, 501 
Wetting, 398, 403, 418 
differential, 408 

Wilfley concentrating table, 292 
Wolf filter, 488 

Wunderlich trough washer, 227 
Wye separator, 349 


Y 

^^,.-RAy examination of coal, h, 


Y -SEPARATOR. See Wye sepa- 
rator. 


Z ENITH, 358, 488 

Zimmer, 484 




